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Proceedings of the inaugural meeting of the Indian Roads 
Congress held at New Delhi on the 10th to 13th 
December 1934. 


The Indian Eoads Congress met at the Town Hall, New Delhi, at 
Eleven of the Clock, on Monday the 10th December 1934. The following 
delegates were present: — 

Provinces. 

Madras. 

Mr. A. Vipan, Special Engineer for Bond Development, Madras. 

Mr, D. Daniel, District Board Engineer, Tinnevelly. 

Bombay. 

Mr. L. E. Greening, Deputy Secretary, P. W, D., Bombay. 

Mr. N. V. Modak, City Engineer, Bombay Corporation. 

Bengal. 

Mr. D. J. Blomfield, Chief Engineer, P. W. D., Calculi a 
■ Mr. V. A. Stein, Superintending Engineer, Calcutta. 

Mr. Pramatba Natli Pe, District Board Engineer, Burdwan. 

Vnitod Provinces. 

Mr. C. F. Hunter, Superintending Engineer, Lucknow. 

Mr. S. S. Bhagat, Executive Engineer, Meerut. 

Mr. A. Eastmond, M.C., Executive Engineer, Agra. 

Pvnjab. 

Mr. D. Macfarlane, Chief Engineer and Secretary to Government, 
P. W. D., Lahore. 

Mr. S. G. Stubbs, O.B.E., Superintending Engineer, Ambnla. 

Mr. S. Bashiram, Executive Engineer, Ambala. 

Mr. G. W. D. Breadon, District Board Engineer, Gurdaspur. 

Burma. 

k 

■Mr. 0. H. Teulon, Chief Engineer, P. W. D., Bangoon. 

Mr. H. Hughes, Superintending Engineer, Bangoon. 



Bihar and Orissa. 


Mr. J. G. Powell, Chief Engineer, P. W. D., Patna. 

Mr. N. G. Dunbar, Deputy Chief Engineer, Patna. 

Captain G. P. Hall, M.C., Superintending Engineer, Muzuffurpur. 

Genital Provinces. 

Mr. H. A. Hyde, M.C., Chief Engineer, and Secretary to Government, 
P. W. D-jHagpur. 

Bai Bahadur Sanderl al, Superintending Engineer, Nagpur. 

Mr. P. V. Chance, Superintending Engineer, Baipur. 

Assam. 

Mr. B. E. Taylor, V.D. ; Offg. Chief Engineer, Shillong. 

Mr. G. Eeid Shaw, Superintending Engineer, Shillong. 

Mr. K. E. L. Pennell, Assistant Chief Engineer, Shillong. 

North-Wcsi Frontier Province. 

Mr. G. A. M. Brown, O.B.E., Superintending Engineer, D. T. Khan. 

Delhi. 

Mr. S. N. Cliahravarty, Municipal Engineer. 

Central P. TT. D. 

Mr. A. Brebner, C.I.E., Chief Engineer. 

Mr. E. T. Jones, C.T.E., M.V.O., Superintending Engineer. 

Mr. A. Croad, Superintending Engineer. 

Sardar Bahadur Sardar T. S. Malik, C.I.E., Superintending Engineer. 
Mr. A. W. H. Dean, M.C., Executive Engineer. 

Khan Bahadur M. Z. A. Enruqi, Executive Engineer. 

Sardar Uttani Singh, Executive Engineer. 

Mr. M. A. Abbassi, Assistant Engineer. 


Military Engineer Services. 

Major W. B. Whishaw, M.C., B-.E., Anny Headquarters, Simla. 
Lt. Col. A. V. T. Wakely, D.S.O., M.C.,’ C.B.E., Peshawar. 

Lt. Col. E. L. Earley, M.C., B.E., C.B.E., Luelcnow. 

Captain W. B. Bobertson, B.E., Garrison Engineer (Civil) Quetta. 
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Indian States. 

Hyderabad. — Mr. II. Mt Surati, Divisional Engineer, Eoads. 

Mysore. — Diwan Baliadur N. N. Ayyangav, Chief Engineer and Secre- 
tary to Government, P. W., Builway and Electrical Departments. 

Gwalior. — Bai Bahadur S. N. Bhaduri, Chief Engineer, (P. W. D.). 

Baroda. — Mr. V. B. Talvarkar, Ag/Chief Engineer. 

Travancore. — Mr. G. B. E.Truscbtt Chief Engineer. 

Patiala. — Eai Bahadur A. P. Varma, Chief Engineer. 

Jodhpur. — Mr. S. G. Edgar, Superintending Engineer. 

Jaipur. — Mr. P. L. Bowers, C.I.E., M.C., State Engineer. 

Indore. — Mr. G. P. Bhandarkar, Chief Engineer. 

Bhavnagar. — Mr. Ghooghari, State Engineer. 

Kolhapur. — Mr. D. G. S.ow.ani, Executive Engineer. 

Patna ( Orissa State). — Mr. D. V. W. Ottley, Chief Engineer 

Kashmir.- — Mr. Kishen Chand, Chief Engineer. 

Business Bepkesentatives, 

Mr. G. L. W. Moss, Dunlop Bubber Company, Bombay. 

The Honourable Mr. E. Miller, J.P., President, The Indian Hoads and 
Transport ^Development Association. 

Mr. E. O. Austin, Ford Motor Company, Bombay. 

Air. W. B. Gunnell, Chief Engineer, Ford & Macdonald, Ltd., 
Cawnpore. 

Mr. J. M. Fetters, William Jacks and C p., Bombay. 

Mr. C. D. N. Meares, Standard Vacuum Oil Co., Calcutta. 

Mr. G. G. C. Adami, Burmnh Shell Company, Calcutta, 

Mr. H. E. Ormerod, Vice-President, The Indian Hoads and Transport 
Development Association. 

Lt.-Col. H. C. Smith, O.B.E., M.C., M.L.C., General Secretary, The 
Indian Eoads and Transport Development Association. 
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Mr. W. J. Turnbull, tho Concrete Association, Bombay. 

Mr. T. C. Marschalko, Texas Company, Bombay. 

Mr. W. H. Kerr, Shaw Wallace and C'o., Bombay. 

Colonel G. E. Sopwiih, Turner Morrison and Co., Calcutta. 

Mr. Nurmnhomed M. Cliinoy, The Bombay Garage, Bombay. 

Mr. A. S. do Hello, Gwalior and Northern India Transport Company, 
New Delhi. 

Mr. W. H. Howlands, Burmnh Shell Company, New Delhi. 

Mr. W. Brodio, Burmnh Shell Company, Karachi. 

Mr. It. W. Barlvhursl, A.M.I.K., (Aunt.), Trinidad Labe Asphalt 
Operating Company, Sydney, X.S.W.. Australia, 

Eni Sahib L. Hnri Clinnd, The Concrete Association, Lahore. 
Govrimir..\-T or India. 

Mr. K. G. Mitchell, C.I.E., Consulting Engineer (Itoads). 

Mr. It. G. Burt. Assistant Director, Inspection, Indian Store* Depart- 
ment. 



5 


The Honourable Sir Iranis Noyce, K.C.S.I., C.B.E., I.C.S., Member 
for Industries and Labour, in opening the proceedings spoke as follows: — 

Gentlemen, 

I have very great pleasure in welcoming you on behalf of the Govern- 
ment of India and in wishing all success to your meeting. I trust that' 
none of you is any the worse for the strenuous tour Mr. Mitchell, who 
never spares himself and, I imagine, is equally unsparing of others, 
arranged for you last week and that you found it both interesting and 
instinctive. 

This, I feel, is an occasion the significance of which is worth empha- 
sising as it may well mark the beginning of an organisation of real value 
which should' exercise a great' influence on the development of road 
communications in India, not only in regard to their quality but also 
in regard to their cost. I should like, at the outset, to emphasise the 
purely professional, and scientific 'character of the agenda which has 
been placed before you. You are not concerned with that very difficult 
problem, competition between road and rail transport; with the question 
to what extent development ,of our road systems from loan funds is 
desirable; with economic planning and the like. Those are questions 
which will come up for consideration next month by the Transport 
Advisory Council which, like your Congress, will then be meeting for 
the first time. You as Engineers are concerned with technical rather 
than administrative questions and incidentally with the desirability of 
forming yourselves into a continuing organisation for discussing them. 

I have thought it desirable to lay some stress on this point as I feel 
that there has been some misunderstanding about the precise scope and 
aims of this Congress which it is advisable to remove. 

, We have been distinctly embarrassed by the wealth of applications 
to attend this meeting. We c,ould not possibly invite all those who 
desired to come. All we could do was to arrange to the best of our 
judgment for a reasonably representative meeting which could itself draw 
up proposals for the composition and organisation of future gatherings 
.of this character. I think we can claim that we have succeeded in our 
object. 

There are here to-day Chief Engineers and public works officers from 
every province and a number of States ; officers of the Military Engineering 
Services; Municipal and District Board Engineers; and last, but by no 
means least in importance, for I regard non-official co-operation in this 
matter as essential, representatives of the business side of road construc- 
tion and road transport. I cannot but think that your verdict regarding 
the value of a permanent organisation and the shape it should assume 
will be unhesitatingly accepted as authoritative. 

It is hardly necessary to remind a gathering such as this that, since 
the dawn of history, roads have been of the first importance to civilisation 
and indeed a measure of its progress. Our archaeologists are piling up 
more and more evidence of the truth of that statement. At Harappa 
in the Punjab, they have found a model in copjrer of a two wheeled cart 
very similar to the bullock cart of the present day. What was good 
enough for the Indian ryot four thousand years ago ‘he still thinks good 
enough to-day. Inscriptions discovered at Babylon show that 2,500 years 
ago both Nebuchadnezzar and hi E father built roads “of shining dust 
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made strong with bitumen and burnt bricks as a high lying road ' — a type 
of construction recently revived in the Punjab and elsewhere in India. 

I should be more or less than human ii I refrained from mentioning 
the Homan Hoad. The Homan s were empire builders in a different way 
than they realised and I hold it not too materialistic an interpretation 
of their achievement to say that all their gifts and bonds of law, language, 
literature, or administration would have been either impossible or im- 
permanent had they not been bound together by their system of roads. 
You know the Homan symbol which has been given so widespread and 
impressive a restoration of late years — the rods and axes. The rods are 
bound together and anything that is to last must have some binding. A 
^vstem ol communications plays that part. As Hilaire Belloc puls it 
“lb is the road winch is the channel of all trade and, what ig more 
important, of all ideas. In its most humble function it is a necessary 
guide without which progress from place lo place would be a ceaseless 
experiment; it is a sustenance without which organised society would be 
impossible; thus, and with those other characters 1 have mentioned, the 
road moves and controls all history”. 

The invention about a hundred \ cars ago of a specialised form of road, 
the rail-mad, divested the public highway for the lime being of much of 
its importance But, a later invention, that of the internal combustion 
engine caused the pendulum to swing back again. Hoads have resumed 
their place in the economic system and the commerce and industry that 
the railways have made possible have enormously increased the comple- 
mentary uses to which they can now be put. There lias in consequence 
been a great revival of interest in them, a revival which hn s brought 
into existence" a whole sheaf of new problems. That brings me 
to some consideration of the character of those problems and the position 

of the Government of India in regard to thorn. 

* 

Hoads, as you all know, are a provincial transferred subject but I 
think I may say that it was the realisation of their national importance 
which led to a Resolution in both Houses of the Indian Legislature in 
February 1927, as a result of which the Indian Road Development Com- 
mittee (the Javakar Committee) was appointed. That Committee report- 
ed in 1928 and then- report, has been the basis of all that wo in the 
Government of India have since been able to do in this field. I am sure 
that most, if not all, of you have read it and that you will remember that, 
after stating the reasons why the road system of India ought to be 
developed, tho Committee suggested that the task was passing beyond 
tlie capacity of local Governments and local bodies and was becoming 
a matter of national interest, expenditure on which might lo somfe extent 
be a proper charge on Central revenues. They therefore recommended 
n surcharge of two annas per gallon on petrol, and it is from this that 
the present Hoad Account derives its sustenance. It is in accordance with 
some of their other recommendations that part of the account has been 
placed at Ihe disposal of tho Government of India — on the advice of a 
Standing Committee of the Central Legislature— and that from this 
reserve provision i- made for research and experiment. It is of special 
interest to us to-da-r to note that thev advocated periodical road confer- 
ences to discuss, amongst other things, technical questions relating to road 
construction and maintenance 



] should lilce, in passing, to offer a tribute to the remarkable comprc- 
. hension and foresight displayed in the report of this Committee which 
laid well and truly the foundations of all that the Government of India 
have been able to do in recent years to assist the provinces to develop 
llieir road communications. 

Jn following their recommendations we were handicapped to some 
extent by the fact that the arrangements they suggested were introduced 
in tiie first* instauee fox* five years only. During that time we thought 
it best to confine ourselves to immediate problems and to avoid elaborating 
a structure which might shortly have to be dismantled. We made certain 
grants from time to time for various experiments; in the magazine 
“Indian Hoads" we endeavoured to provide a medium for the distribution 
of useful technical information; and when the Hoad Conference of 1931 
met, we arranged for technical committees to discuss certain matters. 
Our activities were also to some extent hampered by pre-occupations 
arising out of the enquiry into competition between road and rail 
transport and the conference of 1933 which met to discuss its results. 
We were fully and uneasily aware that we were not wholly keeping pace 
with the requirements of the situation but we preferred to wait until 
we could plan our work with some hope of permanence. The Resolution 
adopted by the Central Legislature in April last providing for the continua- 
tion of the Road Account without any specified period of time has naturally 
altered our outlook. One of the first things wo did after it wa« passed 
was to consult Local Governments in regard to the convening of this 
Congress. 

A layman never finds himself in a more difficult position than when 
he has to talk to a. meeting of experts and I trust you will need no 
assurance from me that it is with becoming diffidence that I advance 
a few suggestions as to ways in which the science of road building in 
India might be advanced. When experiments have to be carried out on 
ordinary roads, particularly in the use of the more durable materials, 
it takes a long lime to secure data of real value. On the other hand, 
a test track should enable such data to be forthcoming in a comparatively 
shon time. Is it desirable that such a track should be provided possible 
as part of a complete experimental station with laboratory equipment? 
In other countries, much laboratory research work has been done on the 
physical .and chemical properties of various road making materials upon 
which are based certain standard specifications. Do wo need similar 
research and specifications specially adapted to our varying conditions 
of climate? The scientific study of soils in their relation to earth roads 
and road foundations has up to the present been almost wholly neglected 
in India. Should this be promoted by research scholarships and in other 
ways? Is it desirable that more should bo done in the way of sending 
our young Engineers to study the science of road making in other 
countries? ^ It seeing to me that it is only by giving this Congress ;l perma- 
nent. standing Hint we can ensure not only scientific discussion and the 
pooling of knowledge but also the expression of informed opinion on 
matters such as these, and that an Indian Roads Congress by its annual 
meetings and the deliberations of special committees could be of immense 
value in directing research and research policy and in standardising speci- 
fications and practice. 

There may be some who think that, with the impending change in' 
the Constitution and the advent of provincial autonomy, there will be 
no need for conferences such as this. That is a view which I have always 
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strongly resisted. Provincial autonomy does not end should not mean 
provincial isolation with all its attendant evils of duplicated experiment 
and waste of effort. In the India of the future as I see it, there will be 
an even greater need than there is to-day for common meeting ground 
for Provinces and States. I feel most strongly that every link that can 
be forged between them now will prove its binding value in the years fo 
como. It is my hope that you will to-day forge another link to add to 
these which already exist — sucli bodies ns the Imperial Council of Agri- 
cultural Research and one which will shortly begin to function, the 
Advisory Council attached to flio new Bureau of Industrial Intelligence 
and Research. The United Stales of America, a federal country in which 
the States are very jealous of their rights has set, the "Federal Tndia of 
wc hope, the near future an example in this respect in il s Highway 
Research Board. 


That brings mo more specifically to the question of your future organi- 
zation. You will be united this morning to consider and express your 
opinion on two main questions in regard to it. Firstly do you consider 
that any permanent organisation to promote meetings of this sort is neces- 
sary? and, secondly, if jou do, what, i n general terms, should be the 
nature of that organisation? I must say quite plainly that the paper on 
this subject which has been placed before you docs not represent the 
opinion of the Government of India. It has not even been considered by 
them. It purports to put. certain considerations and some sketch pro- 
posals before you and it invites you to express your views in general 
terms and to nominate a eommiite to mnko definite proposals for your 
consideration. If you decide that a permanent organisation is required, 
you will not expect me to say more than that I think the probabilities are 
that wc should agree with you. Tf your proposals appear to us to be 
sound and reasonable, as I have every hope they will be, wc shall 
consider, in consultation with Local Governments, whether we cannot 
assist you. We arp provisionally of tlin opinion that your organisation 
should bo largely self-contained and it is for that reason that wo have 
left it. to you to make your own suggestions. I realise flint, in the busy 
days before you, it may not be possible for you to complete your 
proposal*. Tf that is the ease., you will doubtless arrange for a further 
meeting of your committee, or of a sub-committee. 


Time does not permit m 0 to do more than say a very few word* about 
the |oth'or items on your npendn. The. papers presented to you for dis- 
cussion and the note* describing roads round Delhi which you will have 
an opportunity of seeing to-morrow cover a wide range of subjects and 
represent much solid work, and I am sure that you would wish me on 
your behalf to thank all those who have falcon the time and trouble to 
prepare them and to place the results of their experience nn c l knowledge 
at your disposal. You will doubtless have noticed that certain of tb»m 
were not written for this meeting but for the last International Ronds 
Congress, and our thanks are duo to the authors for allowing u* to make 
1Cre " °f special interest. I understand 

t!?aL th ? Con ^’ c , s . R , wns tllp 1o w 'W<*h pape.s were contributed from 
India. I regard that ns a matter for congratulation and I think wo mar 
now confidently look forward to the dnv when papers from Tndia will be 
regular and valued feature of those Congresses. b 

* ‘l 9 ^ hose por>d forhin e- it has been to b P brought into snerinl 

touch with the conditions of rural Tndia, I am glad to notice two papers 


1 Paper No. J.-A. 



dealing with earth roads by experts whose keoness, interest and extensive 
experience entitle them to ispeak with authority .on this most difficult 
subject. I will not take up your time with figures for I am sure you 
all know how great a proportion of our roud milage is and must remain 
unmetalled. Individually earth roads may not carry much traffic but 
collectively I would remind you that they carry the whole .of the agri- 
cultural produce of the country before it reaches a metalled road — which 
much of it- never does — on its way to a market. The keen competition 
between the primary producers in world markets at the present day has. 
brought home to us the importance of eliminating all avoidable waste 
incidental to marketing. Steps are being taken to organise and improve 
the business technique of marketing, but the improvement of transport 
facilities rests with you. Ther e are other reasons why the improvement 
of unmetalled roads is of the first importance. Much of the expense of 
maintaining metalled roads is due to the combination of fast- motor traffic 
with destructive bullock carts. There are some who hold that the 
key to the Indian road problem lies in the improvement of the bullock 
cart. That is doubtless true t.o some extent but development cannot 
wait for it. In any case, it seems to me that no great change in the 
bullock carl; can be expected so* long as the earth roads provided for it 
remain as bad as they are. Again, the possibilities of motor transport 
to serve the rural population are immense but can never be fully developed 
so long as it cannot reach important villages, and ,s confined to metalled 
roads at some distance from them. < 

The remainder of your Papers deal with hard surfaced roads in one 
aspect or another. This is natural because the bulk of the road bill is 
made up of the cost of maintaining them. Jl you can economise here 
so much more money will be available for expansion and, what i s perhaps 
more important, the fear of increasing maintenance bills will not bo 
such a deterrent, as it now is. to a liberal policy of expansion. 

You will perhaps forgive me if 1 say that I could have wished that 
some one .of your number had forsaken the strictly utilitarian and had 
given you a disquisition on the (esthetic and scenic aspect of roads. There 
is something very attractive about a road, despite the fact that when 
one is stranded miles from anywhere on a hot afternoon after a series of 
punctures, the stretch .of road between car and destination offers perhaps 
one of the most horrible prospects ever offered to the human eye. I admit 
that it would be difficult in such tracts as the Bnmnnd district in Madras 
and parts .of the Punjab and Sind to do anything with a road except to 
be glad that it is there but in most other parts, especially in the hill tracts, 
there is much scope for making the road a scenic as well as a practical 
feature. Even in such technical matters as width, curve and camber, 
there may reside potentialities of grace and elegance as great as in more 
obvious features such as avenues. To me there is a marked and immediate 
assthetic connexion between the width of a road and the height of the 
buildings that run along it. The artistic possibilities of bridges must be 
apparent to all. Modern life, brings its own problems and one of them 
is apt to be the cramping of imagination, the cult- of the stodgily useful. 
I would therefore make a humble plea for beauty wedded to utility. The 
■union is not fantastic, for the highest usefulness is almost inevitably 
beautiful. Did not Buskin, that apostle of Ihe beautiful, employ his 
-students on making roads? 
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You with your grcsii experience will, 1 am sure, agree that the condi- 
tions of road making and road maintenance in India are exceptionally 
difficult-. Long draughts are succeeded by torrential rain. The 
bullock cart with the heavy load it imposes on the road surface and 
its propensity to “track” presents its own peculiar problem which 1ms 
few, if any, parallels elsewhere. India is a poor country and the re- 
sources at its disposal fall far short of its needs. The Minister of Transport 
in England is reported to have said recently “We desire that the road 
of tin' future shall he the most modern that, engineering skill and 
traffic experience can devise”. Our desires must, I am afraid, be more 
modest, and we can only ask you to give India fh,. greatest milage of 
serviceable road that the money at your disposal permits Every addi- 
tional mile of good mud is an asset to all: e\ cry mile of had road an 
economic loss to all and the cause of d’-enmfort i<> mum Your diffi- 
culties are great, hut I am quite sure that tile word “itisupi ruble" has 
never yet been found in any Engineer's vocabulary. 

I have kept you long enough. In conclusion, 1 would remind you llmr 
the communications of a country may be likened to its nervous system. 
A country with poor communications k bound to remain inert. You will 
probably say that the obuoiw deduction from tins is that overdevelopment 
of communications must produce sum. form of cerebral irenzy where 
people run about for the sake <>l running about. That is, in fact, the 
stage which some harsh critics maintain lias already been reached in 
Western Europe and the Tinted States India is, however, far from it 
and indeed the development of India's communications has a elo-e hearing 
on the political problems with which «;he is faced to-day. L’liless the 
social communications of the eoiuilrv can keep pace with iU political 
development., it is highly probable that, the mity on which such store 
is rightly set may be endangered or at least hindered And thus uv vx* 
that in the great political changes on the threshold of which we stand, 
the proper treatment o f communications occupies an important place, 
indeed if the word is given its widest- connotation, perhaps thr most im- 
portant place. I will now leave you to your deliberations and would once 
again wish them all success. [Applause.] 


The Congress adjourned for a gtoup photograph ap<l then reassembled, 
with the Honourable Mr. D G. Mitchell C S.f . T T.E., T.C.S.. Secret. trv 
to the Government of India in the Dcpartne-nt of Industries and Labour, 
Public Works Branch, in the Chair. 


A hearty vote of thanks was first passed to the Chief Commissioner 
of Pailway s and the North Western Unihvnv for the. special arrangements 
made to provide a suitable train for the tour of the Indian Itoads C(vngios=. 

[An account of the tour of inspection of roads in the Punjab and t he 
North West Frontier Province which preceded the Congress appeal’s ns 
Appendix A to these proceedings.] 


Chairman: I will now call upon Mr. K. G. Milcliell to introduce his 
paper on the objects and organisation of a permanent Indian Ponds 
Congress. 1 

The following paper was then submitted for discussion: — 
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{Paper No. 1.) 

Objects and Organisation of a Permanent Indian Roads Congress. 

By K. G. Mit-chell. C.I.E., M. Inst. C. E. 

This first meeting is experimental. The Government of India are so for 
satisfied as to the potentialities of such a body as to defray practically the -whole 
cost. Without their generous support it -would have been difficult if not im- 
possible to have this meeting, but if any permanent body is to come into 
existence this opportunity must be taken to draw up a constitution and to 
estimate the extent of the financial support from, the Central and Local Govern- 
ments that will be necessary, in order that a scheme may be submitted foT 
their approval. It is proposed that on the first day of the Congress a com- 
mittee be appointed to make recommendations for adoption or amendment 
by the whole Congress on the last day. That committee will thus have very 
little time in which to consider the whole question and the object of this Paper 
is to provide a basis for its discussions. If those attending the Congress will 
criticise these proposals freely on the first day, the work of the committee will 
he greatly simplified. This committee might be the General Committee of the 
Congress as proposed below. 

2. Necessity for some such organisation . — There is little to add to what has 
already been said on this, both in the original suggestion to Chief Engineers 
and in the printed pamphlet* incorporating concrete proposals for this meeting. 
It will he enough to add that the present age is one of rapid change in which few 
of us have leisure to keep in touch with all the technical developments that 
affect us, and in which we require the services of some organisation to keep us 
up to date and enable us to see and hear at first hand how others are dealing 
with problems similar to ours. The mass of technical literature is so great that 
it is impossible to read it all, while no amount of reading can, he so useful 
as personal inspection of work and first hand discussion with those -who have 
done it. 

3. There is an added need for such a body in the domain of roads in a 
federal or gwasi-federal constitution. Standardisation of specifications for 
methods and materials of construction, of the loading for which bridges are to 
he designed, and in respect of a number of other matters are desirable for 
economy and convenience, even in a country of the size of India. Because 
of the constitutional position and because these are largely professional matters, 
there is no official authority to specify standards. Standard specifications 
and practice approved by a body such as the Indian Roads Congress, as 
representing the considered opinion of the Road Engineering profession, 
would he sufficiently authoritative to be widely adopted without in any way 
invading the autonomy of the federal units. 

4. There are other problems of great professional interest the solution of 
which lies in other hands, hut in respect of which the opinion of such a body as 
this would carry great weight. An illustration which will occur to every one 
is the problem of the bullock cart, We have now got .to make dual purpose 
roads with inadequate funds in a country which persists, in the view of some 
of us, in permitting abuse of the roads by wholly uncontrolled and extremely 
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damaging bullock cart traffic. It is fantastic to suppose that tlic bullock cart 
will disappear -within any period of time likely to affect us or many generations 
to come, but it ought to be possible gradually to educate people and Govern- 
ments to understand what laissrz fa ire is costing them in money and arrested 
development, and so to bring about the gradual introduction of reasonable 
regulations. Individually our voices will remain unheeded. The opinion of a 
body such as we contemplate would carry very great weight. Again, it is 
fortunate that so far the development of motor transport has not required, 
outside the towns, vehicles heavier than the 30 cwt. class, and roads are being 
adjusted to carry these ; but technical developments, such as the improvement 
of the compression-ignition engine, might result in the use of far heavier vehicles 
beyond the capacity of the type of road now being developed. In such an 
event and in respect of speeds to be permitted for various vehicles on different 
types of road, and on other matters such as the compulsory provision of 
“governors”, the voice of the Roads Congress would be listened to while that 
of individuals might not. 

5. The Congress might at times also discuss with advantage such questions 
as the administration and organisation of a roads department or office and such 
other matters as may generally be defined as business management. It should 
quite definitely not discuss or attempt to interfere in personal matters con- 
nected with the conditions of service of any individual member or group of 
members. There should not l>c any doubt on this point but it is as well per- 
haps to state it quite definitely at the outset.. 

G. Objects . — The objects of the Congress might therefore be stated thus : — 

To provide for a regular pooling of experience and exchange of ideas 
on all matters affecting the construction and maintenance of 
roads in India : to recommend standard specifications : and to 
provide for the expression of the opinion of the Road Engineering 
Profession on matters affecting their work, including organisation 
and administration hut expressly excluding personal matters or 
‘ questions concerning conditions of services. 

7. Membership . — Subject to the specific or general approval of the General 
Committee, membersliip might be open to all professionally qualified 
Engineers engaged or concerned in the construction and maintenance of 
roads, whether in public employ or not. The standard of professional qualifi 
cation necessary might he not loss than that required for direct recruitment 
to the rank of Assistant Engineer in a Provincial Service. Anyone holding that 
or, in the opinion of the General Committee, equivalent rank though not 
qualified by professional examination, might also be eligible. It was at one 
time contemplated that for large firms such os those dealing in road making 
materials, there might be a class of corporate membership, but individual 
membership will probably be the better arrangement. It would however 
be desirable to include non-professional gentlemen closely concerned or in- 
terested in roads, as associates. Also in order to grade subscriptions to some 
extent there should be two classes of members, i.c., members and associate 
members. Election or transfer to full membership would he made by the 
General Committee and would normally be confined to persons of the equiva- 
lent rank of Executive Engineer or over. It is not the intention that by 
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grading membership in this way the Congress should set itself up as a body 
imparting a certain professional statu-., but it appears to be desirable to grade 
subscriptions and this can better be done in this way than by an attempt to 
relate them to emoluments. The latter arrangement might give rise to difficul- 
ties in the case of those not in the public service. 

8. Subscriptions. — It is necessaiy to have some subscription to cover part 
of the expenses, and for other obvious reasons. The rates suggested are : — 

Rs. 

Members - - .. .. . . .. 10 per annum. 

Associate Members , . . . ... . . 5 per annum. 

Associates ■ . • . . - . . . , 20 per annum. 

A fairly high rate is desirable in the case of associates to restrict applica- 
tions to those having a genuine interest. 

,9. Benefits to members . — All members, associate members and associates 
would be on an equal footing as regards attending and speaking at meetings 
(subject to the arrangement regarding travelling allowance discussed below) 
and would receive the printed proceedings of the annual congresses and such 
other literature as might be circulated. It must be recognised that, for the 
majority, the benefit would be confined to the receipt of proceedings, and other 
literature, except those in whose Province the annual Congress is held who 
would, it is hoped, be able to attend in large numbers. 

10. Management. — The management would be in the hands of a General 
Committee and Provincial Committees. Eventually some other arrangement 
may be possible, but for the present it is suggested that these committees be 
constituted as follows : — 

(a) General Committee. — The Chief Engineers of Governors’ Provinces 

and of the Central Public Works Department : the Consulting 
Engineer to the Government of India (Roads) ; two represen- 
tatives of States elected by the delegates from States present 
at each annual meeting and three representatives of non-official 
associate members and associates, elected by such non-officials 
present at each annual meeting. 

(b) Provincial Committees . — To be presided over by the Chief Engineer 

of the Province concerned and to consist of four officials (includ- 
ing the Chief Engineer) and one or two non-officials, all to be 
nominated by the Chief Engineer. 

11. The General Committee will normally meet once a year at the time 
of the annual congress. During the year business will bo carried on as far as 
possible by correspondence. The Consulting Engineer to the Government of 
India would for the present he responsible for the clerical work of the General 
Committee. All the funds and jkoperty of the congress would vest in the 
General Committee. 

12. Subject to the financial control of the General Committee, Provincial 
Committees would be responsible for all the arrangements for the annual 
congiess when held in their Province, including the selection of Papers and 
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llie arrangements for visits to works. They would arrange for someone to act 
as Secretary. The General Committee would have power to give general 
directions to Provincial Committees and to overrule them, c.g., in the matter 
of selection of Papers. 

13. Financr . — Until the numbers likely to join the Congress are known it 
is impossible to gauge the probable income. It is believed however that the 
rates of subscription proposed should suflice to cover the cost- of reporters, 
printing and postage. Tf the proposals eventually made commend themselves 
to the Central and local Governments some support maybe expected, and this 
might he n«kcd for, by way of an initial lump sum grant from the Government 
of India and, in addition, some assistance with travelling allowances. 

14. Tran II nig aUmnnircs. — The Government of India, having agreed to 
defray the whole cost of this meeting, feel that the justification for the creation 
of a permanent, body will lie in llm benefits which local Governments derive 
therefrom in the application of the results to their own road systems, and that 
this justification can best, bo gauged by the willingness of local Governments to 
bear the expenses of delegates in future years. The Papers read and discussed 
will, or should, be of general interest, while the attendance of delegates will he 
largely in the interest of their Province. An equitable arrangement would 
perhaps be that the Congress should defray the expenses of the eontiibutors 
of selected papers and that, local Governments should meet the expenses of 
other delegatee In the ease of tours or visits in connection with any annual 
congress, travelling allowance would be paid under the usual rules and the 
Congress would not normally be called upon to meet any expense in respect 
of ordinary delegates attending those. The lump sum grantfrom the Govern- 
ment of India suggested above would enable the Congress to pay 1 he expenses of 
contributors of papers, and it is for this reason that- the general committee 
should lmvc power to overrule any Provincial Committee in the selection of 
papers. 

35. It is to be hoped that local Governments will agree to send a reason- 
able number of delegates to distant meetings, and in the case of the Province 
in which the meeting is held, to allow travelling allowances to all members and 
associate members in the Province able to attend the meeting. 

1G. Annual Congresses .— The Congress should meet once a year, and at a 
different centre each year. It will be necessary for an invitation to be given 
by a local Government before the Congress can decide where to meet. It- will 
he convenient if such invitations can lie given for the following year at or 
before any annual meeting. In the event of more than one invitation being 
received the Congress will decide. 'Will Cliicf Engineers please note that an 
invitation h necessary for tli* W5 Congress ? It will necessarily bo 
provisional only and dependent, on tbe Central and local Governments, " and 
particularly the local Government concerned, approving the permanent 
creation of the Congress. * ' 

li. A ame. The name Indian Hoads Congress'* has been used in the 
preliminary correspondence. It is open to anyone to propose n better. The * 
use of the word “ association ” is rather barred by the existence alreadv of the 

Indian Hoads and Transport Development Association. 



18. Proceedings at Meetings . — A member of . the General Committee will 

■preside at each session. Normally papers on professional matters, circulated 
on advance, will, as is the usual custom in professional bodies, be merely in- 
troduced by the author and thrown open for discussion. The discussion 
will be reported and printed up in the proceedings. Cases may arise however 
-where it is desirable that the Congress should register an opinion in the 
form of a resolution. At the first meeting it is unlikely that the Congress 
will desire to do so save in respect of the matters discussed in this paper. 
A draft resolution will be submitted by the Committee on this question 
with its report. ' 

19. Miscellaneous . — Once established, the Congress can do a n umb er of 
-things. A gold medal might be given for the best Paper each year. Com- 
mittees could be set up to advise on standardisations, education in Road 
Engineering, research or study scholarships in India or overseas, and so forth. 

20. Conclusion . — It is believed that the value pf some permanent organi - 
■sation will not be questioned. The difficulties are obvious. The proposals 
made in this Paper are designed to provide a working arrangement to tide 
■over the earlier years. They are manifestly imperfect in many respects, but 
it can only be hoped that if they are subjected to searching criticism before the 
committee gets down to work, something better will result. It only remains 
to add that the views and suggestions thrown out in this Paper are those of the 
writer and in no sense those of the Government of India who await your 
proposals. 



Mr. K. G. Mitolicll ( the Author): As rog'urda this paper, it is merely 
a series of suggestions thrown out as a basis for discussion. There are- 
only three main questions and I think it would, be advisable if those who-, 
have anything to say would confine themselves to the three questions 
that I am going to raise. The first .is: — Is it desirable to have such a 
body? secondly, how it should be constituted, and thirdly, how it should 
be financed. I have nothing to say on No. 1 and I would like you to 
say whether such a thing is necessary or not. As regards No. 2, the 
only possibility seems to be to have a self-contained body organised on 
a non-olficial basis. You can take it from me that it ig impossible to 
have an official body, if we want to make it representative. It ig practically 
impossible for anybody at headquarters to pick lmd choose who shall 
come. We did suggest to Local Governments that they might indicate 
how the business representatives should be chosen. They found th e same 
difficulty and the only solution, if it is going to be at all representative 
is to have a regular membership, with a nominal subscription. Otherwise 
it will be impossible for. the Government of India to say who shall come 
and who shall not. I think also that some subscription is necessary. 
As regards finance, it is obvious that in a country of the size of India 
where the cost of travelling ig go great some Government support is 
essential. On that point, I wish to sav one thing. The Hoads Congress 
should be your show and not a Government show. If you say that the 
whole support should come from Government, then you rather prejudice 
your own management of your own affairs. Now, in this paper it is 
suggested that tiiere should be a committee elected this morning to 
consider the whole question and to make a report probably on Friday 
morning. There is no need to elect a Committee as regards British 
India. It will consist of the Chief Engineer or senior representative of 
any province present or his nominee. As regards the States, I say in the 
paper that we might have two representatives on the permanent committee. 
Owing to the number of Stales represented at this meeting to-day, it is 
better perhaps to make it 3. We will ask the State representatives some 
time during the morning to nominate three of their members to join this- 
committee. Similarly, the business representatives will kindly nominate- 
three of their number to serve on this committee. The committee will' 
meet at 6 o’clock for a preliminary discussion, either in New Delhi at- 
the Imperial Delhi Gymkhana Club or in Old Delhi i n Maiden’s Hotel 
accordinff to where the majority of the committee are slaying. After the- 
conclusion of this morning’s business, the committee will meet for a few 
minutes and decide where to have the meeting/ 


DISCUSSION. 


Chairman : 
paper? 


Has anv gentleman any remarks to make on Mr. Mitchell ’ s - 
> (Nobody arose.) 


Chairman : T understand then that the general proposals as set out- 
in Mr. Mitchell’s naner are approved in broad outline. AH that remains 
now is lo ask for vour approval to his suggestion that the committee 
should be constituted as indicated by him.““ Has any gentleman any 
remarks to make? * J 
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Mr. .A. Brehner : Would it include Royal Engineers such as Colonel 
JWakely ? 

Chairman : I understand that Colonel W nicely' is a Military Engineer 
Attached to a province. Ho would be suitable to represent the N.-W. E. P. 
It has been suggested that two representatives of the Military Engineering 
•Service should also be included in the committee. 

Bai Bahadur S. N. Bhaduri: As regards the States, as the number 
of States is nearly 12 or 13, three representatives are not sufficient. 

Chairman: I would point out that the committee will now consist of 
9 representatives from provinces, 3 from States, 3 from the business com- 
munity and 2 from the Royal Engineers. That makes 17. It is already 
•getting to the limits of a working committee. But if there is any strong 
feeling in favour of n stronger representation from the States, perhaps 
some gentleman will indicate that. 

Mr: P. N. Da : There is no representative from the. District Boards or 
municipalities. I think it would be better to have one from those bodies. 

Li.-Col. E. L. Farley: As regards the Royal Engineers, one would 
probably be enough, because we deal with' specialised problems in peace 
time and that would give one to such other bodies as might wish to have it. 

Chairman: Might I suggest that the present constitution gives us a 
sufficiently large body and that anything larger than that might make 
it unwieldy? 

Mr. G. Beid Shaw: Representation for the District Boards is rather 
-unnecessary. It seems unnecessary to have a representative of one District 
Board for the whole .of India. 

Chairman : Is it your suggestion that District Boards and municipalities 
-ahould he excluded? 

Mr. G. Reid Shaw: Yes. 

Mr. V. R. Talvarlear: I propose that the Bombny municipality should 
have a representative. It has got a large area of roads and very important 
roods. 

Chairman: I would suggest to you that if we 'Start selecting individual 
•municipalities, there will be no end to it. 

By a show of hands, if was decided that there should be no repre- 
sentative of District Boards end municipalities. 

Chairman : The feeling of the meeting is that this committee should 
consist of one representative from each province, three representatives 
from the Indian States, throe from the business community and one from 
the Royal Engineers. 

The Chairman then called upon the States and business representatives 
•to elect three representatives each. 

Mr. H . E. Ormcrod : The Indian Roads and Transport Development* 
Association have a Resolution to be put to the meeting in connection 
with th e financing of the Congress. 

Chairman : I think we had better finish this item first. We sliall now 
proceed ydth the selection of the provincial representatives. 



The elections were then held after which the Chairman announced the 
names of the Committee as follows: 

PROVINCES. 

Madras. Mr. A. Vipan, Special Engineer for Road Development, 

Madras. 

Bombay. — Mr. L. E. Greening, Deputy Secretary, P. TV. D., Bombay. 

Bengal— Mr. D. J. Blomlield, Chief Engineer, P. TV. D., Calcutta. 

United Provinces. — Mr. C. F. Hunter, Superintending Engineer,. 
Lucknow. 

Punjab. — Mr. S. G. Stubbs, O.B.E., Superintending Engineer, Ambala. 

Burma. — Mr. 0. H. Toulon, Chief Engineer, Rangoon. 

Bihar and Orissa. — Mr. X. G. Dunbar, Deputy Chief Engineer, Patna. 

Central Provinces. — Mr. IT. A. Hyde, M.C., Chief Engineer, P. TV. D.^ 
Nagpur. 

Assam. — Mr. B. F. Taylor, V.D., Offg. Chief Engineer, Shillong. 

North-West Frontier Province. — Mr. G. A. M. Brown, O.B.E., Super- 
intending Engineer, D. I. Ivhnn. 

Centra 1 Public lYorhs Department. — Mr. A. Brehner, C.T.E., Chief 
Engineer, New Delhi. 

Indian Status. 

Rni Bahadur A. P. Ynrmn, Chief Engineer, Patiala. 

Diwan Bahadur X. X. Avynngnr, Chief Engineer and Secretary to 
Government, P. TV., Railway and Electrical Department, Mysore. 

Mr. P. L. Bowers, C.I.E., M.C., State Engineer, Jaipur. 


Business Ri:i>r.r.sr.NT.vrivEs. 

Mr. H. E. Ormerod, Vice-President, the Indian Roads and Transport' 
Development Association, Bombay. 

Colonel G. E. Sopwitb, Turner Morrison and Co., Calcutta. 

*Mr. G. G. C. Adamt , Burmali Shell Company, Calcutta. 

Rov.vr, Engineers. 

Major TV. B. TVhishnw. M.C., R.E., Army Headquarters, Simla. 

•Mr. C. D. N. M cares of the Vacuum 0:1 f'ompmy, Calcutta *511 RCrve ou tB e- 
Commit' ce nice Mr. Adimi. 
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Chairman: This Committee will meet this evening at 6 o’clock at 
some place to be decided by them subsequently before they leave this 
morning. This is one part of the business on which we have to make 
a decision thig morning. The rest of tli e time we may .spend on a. 
discussion of the broader aspects of the proposal and I will Mr. Qrmerod! 
to make his remarks which he intended to make to-day. 

Mr. H. E. Ormcmd: On behalf of the Indian Bonds and Transport- 
Development Association I wish to move the following Bcsclution: — 

“In view of the interest which has been shown in this, the first 
Indian Hoads Congress and the importance of ensuring that 
its continuance should be maintained regularly each year, 
it is recommended that owing to the financial stringency 
existing in the Provinces, the method adopted tliis year of 
financing the cost of the conference from the 10 per cent, 
reserve of the Petrol Boad tax, held by the Central Govern- 
ment, should be maintained, if possible, during the next 
few years.” 

Chairman : May I just point out a small point ,of order. If you wish 
to move this as a Bosolution, then it would he better 1o move it after 
the Provisional Committee has met. They will then consider it and 
frame their own recommendation. For the present, the discussion should 
be confined to the giving out of the indications of the general feeling 
of the meeting. 

Col. G. E. Sopwith : Mr. Chairman, I cannot second the Resolution 
after what you have said, but I should like to say this that I personally 
think that the suggestion is an extremely good one. 

Mr. D. Macfarlanc : I would like to udd tc> what Mr. Ormerod and 
Col. Sopwith have said. I think that if something of this sort is not done, 
there will be a great difficulty on the part of the poorer provinces to 
finance the journeys of their officers with the result tbnt people who arc 
not .supported by their Governments could not possibly afford to attend 
this Congress. 

Chairman: As nobody else wishes to speak on this question, I would 
like to say that if you decide in favour of thig particular financial arrange- 
ment, I would advise you strongly to have n second string to your 
bow. I am not able to commit, the Government, of India but they may 
or may not accept the suggestion and the whole arrangement might fall 
to the ground. S.o, it will be better to have an alternative arrangement. 

Mr. B. F. Taylor : May I refer to sub-para, (ft) of pant. 10 of Mr. 
Mitchell’s paper regarding Provincial Committees which nve to he presided 
over by the Chief Engineer of the province concerned and to consist of 
four officials (including the Chief Engineer) and one or two non-officials, 
all to be nominated by -the Chief Engineer. Arc we to understand that 
these are to be left to be decided by the various provinces? 

Chairman : I think that is a matter of detail and we had belter leave 
it to the Committee. It is certainly a point worthy of their consideration. 

Chairman : Mr, Dean will now make some remarks on his paper and 
after he has finished, the members of the Provisional Committee will 
remain behind and make their preliminary arrangements which would 
help in the despatch of the business. 
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Mr. A. Brebner, C.I.E., Chief Engineer, Central Public Works 
Department then took the Chair. 

Chairman : Before I introduce Mr. Dean, I should like to propose a 
vote of thanks to the Hon’ble Mr. D. G. Mitchell. 

The motion was received with applause. 

Chairman: Mr. K. G. Mitchell has already explained to you the 
alterations in the programme which necessitate our (Starting on our tour 
this afternoon instead of to-morrow morning. On the whole, I think, 
probably tho change is a good one because it will enable us to discuss Mr. 
Dean’s paper after you have seen the work instead of before it. But 
in the meantime Mr. Dean would like to make a few remarks in introducing 
the paper and explaining what in particular he wishes to say. I introduce 
Mr. Dean- I may add that in accordance with the ordinary practice 
we propose to take the paper as read. 


The following paper wag then submitted for discussion 
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(Paver Ko. 1-A.) 

-.Recent metaods used for the treatment of roads with bitumen and tar in 

Delhi Province. 

By A.. W. H. Dean, M.C., I.S.E., 

Executive Engineer , Central Public Works Department. 


Prior to the year 1925 the hard surfaced roads in the Province were 
-all either me! ailed with kanknr or quartzite stone ballast. Kankar being 
a soft material and unfit to carry heavy traffic its gradual replacement with 
the latter material was, however, the aim and by the close of the year 
1931 all metalled roads in the Province had received a wearing coat of 
•water bound stone metal. None of the roads in the Province were surfaced 
-with tar or bitumen and this treatment was entirely .omitted fiom the 
New Capital Project. 

The earliest example of bituminous treatment was the length of mad 
from Lothian Bridge to Delhi Gate which was carried out in September — 
October 1925. This length was divided into the following three sections 
•according to the condition of the old surface in each: — 

1. Surface recently remetalled. 

•2. Surface remetalled one year before. 

3. Surface requiring Temetalling. 

All three sections were treated similarly. The surface of the road was 
•very carefully broomed and cleaned of all dust and dirt before the appli- 
cation of the bitumen and the temperature of the bitumen was very eare.- 
iully regulated. Trinidad refined asphalt mixed with Flux oil in the 
proportion of 60/40 was sprayed at the rate of 4-5 to 5 lbs. of the mixture 
per sq. yd. and was evenly covered with 3/8 inch stone grit and rolled. 

The surface in the three sections was very satisfactory and did not 
need any attention for five years after this treatment. It was repainted, 
in the year 1930 nnd until last year when regular patching of the surface 
was started, it did not need any attention. 

Hoad improvement by grouting and premixing methods was first carried 
out in the vear 1926-27 in a 11 mile length of an important section of 
Qutab Rond. Three different specifications were tried with highly satis- 
factory results These were (1) Grouting with Mexphalle (2) Grouting with 
Trinidad Asphalt cement (3) Premix with Trinidad asphalt cement us'ng 
' cement ns filler. The renl advance however, began in 1930-31 when no 
less than 450,000 square feet of road surface were treated with bitumen, 
and there is now a total of 606,000 square feet of this. 

Heavy two and four wheeled bullock carts impose a very great strain 
on the toad surface. These carry 2 to 3 tons nnd are drawn by 2 or 3 
bullocks or buffaloes. The wheels and nxles seldom fit nnd often have 
an oscillating motion which is very destructive. Further the tyres are 
often narrow and have o curved cross section, thus the area of the wheel 



22 


in contact with the road is much less than it should be. On roads subject 
to intense traffic of this nature surface treatment with bitumen has been 
found to be inadequate and recourse has been had to grouted and premixed 
treatments. 


The methods that have been in use in recent years include: 

I. Grouting with hot asphalts . — Before spreading the metal, the road 
surface is cleaned of all foreign matter. The metal used is 1$ inch t-o 3/4 
inch gauge, clean, dry and free from clay or dust and uniformly spread 
to the correct depth. The loose metal is half an inch more in thickness 
than the finished coat, i.c., for a 2 inch coat metal is spread 2£ inch thick. 

The old surface of the road is first picked up and relaid to correct 
camber and grade. The stone metal is not dumped on the road surface 
but to ensure uniformity of spreading is stacked at the road side. Irregu- 
larities in spreading are carefully looked for and corrected by hand 
packing. Templates are used at short intervals with strings stretched 
between them as a guide. This is all done before rolling, as it is difficult 
later on to correct irregularities and experienca has shown that unevenness 
of surface and weak spots are mainly due to uneven spreading. A ten 
ton roller is used on the dry metal. Bolling is commenced at the sides and 
advances towards the centre by successive stages of nt least half the 
width of the roller until the surface is uniform and compact. 


During the winter months bitumen (Mexphnlte 30/40) does not pene- 
trate into the interstices more than an inch owing to the quick fall in its 
temperature on coming in contact with stone metal. This difficulty is 
overcomo by spreading the metal for a 2 inch coat in two layers of H inch 
each. Half the quantity of bitumen is used in each layer. Bolling is 
started as soon ns the second layor 1ms been grouted and the clippings 
have been spread. 

Bitumens . — The bitumens used during 1933-34 on Sections the Grand 
Trunk Bond towards the U. P. were Socony Asphalt urn 101 and Mexplialte 
30/40 penetration, separate sections being grouted with each. Pouring 
cans were used for Soeonv Asphnltum and a sprayer for Mexplinlte. The 
bitumens were uniformly heated in suitable boilers to 350°P . 

The length of road to ho covered by the contents of each pouring can 
was marked out and this was further checked by observing the area 
covered by the contents of the boiler. Bitumen was used at the rate 
of 1 gallon per square yard, of 2 inch finished coat. 

Static grit . — Stone grit 3/4 inch to :{• inch gnuge was spread immediately 
after the application of bitumen in sufficient quantity to fill the surface 
voids and prevent the roller from picking up the bitumen. Cave was. 
taken to see that the stone grit was spread uniformly and all voids filled 
up. When rolling commenced one labourer followed the roller to cover 
with grit any surface where bitumen appeared. 


Sea! coat.— A seal coat was applied direct]-,- after the rolling had been 
finished - The surface was brushed and all loose and surplus grit was 
remo.ed. A bitumen of '80/100 penetration was used either Socony 
Asphaltum grade 105 or Spramex in the sections grouted with Socony 
Asphaltum 101 and Mexphnlte respectively. The bitumen was spraved 
not poured) at the rate of 3 gallons per 100 sft. followed by stone grit 
' mi g \ uge f ° r blinding. The surface was again thoroughly 

rolled. The surface thus treated was opened to traffic and a labourer was 
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deputed to brush over the blinding ns and when disturbed by traffic. The- 
grit and stone metal used on the work were hard blue quartzit-e stone - 
obtained from the Delhi Ridge quarries. 

II. Grouting with cold emulsions . — Spreading of metal, rolling and 
pouring was as for hot grouting. A section of the same road was treated, 
by this -process. The Emulsion used was Colfix. It was at first found 
to penetrate too rapidly to the bottom of the metal and thus failed to bind' 
the aggregate effectively. To prevent this the voids in the stone metal 
were filled with grit of £ inch to |- inch gauge spread before grouting. 
This resulted in a slight improvement and nlthough the emulsion did not 
properly bind the stones, it, however, held them together and made com- 
paction of the layer possible. The road was opened to traffic after twenty 
four hours, and any weak spots that appeared were picked out and repaired. 

A week later, a seal coat was applied after brushing the surface clean. 
Prior to sealing all pot-holes were properly made up. A sprayer was 
employed for spreading the emulsion evenly over the surface. Stone grit 
a inch to •} inch size was evenly spread and traffic was allowed over the- 
rond after 24 hours. The result of this treatment was not satisfactory 
as the surface became uneven and many pot-holes were formed soon after 
the traffic started to use it. 

HI. 1 inch to 3 inch premixed asphalt macadam . — This specification 
was tried On the same road using both cold Emulsions and hot Asphalts 
ns described below: — 

' (I) With cold emulsions . — The aggregate used was quartzite stone metal' 
as noted below: — 

For 1 inch pavement 100 per cent passing 1 inch screen and retained 
on § inch. 

For H inch pavement 100 per cent passing H inch and retained on 
4 inch. 

For 2 inch pavement 100 per cent passing 2 inch, and retained on 4 
inch. 

For 24 inch pavement 100 per cent passing 24 inch and retained on J 
inch. 

The fine aggregate for the wearing coat of the thicker pavements was 
of smaller size than that specified for the bottom course.. 


Bitumen. — Socony Asphalt Emulsion Nos. 3 and 6 were used. 

Method . — The base was made true to grade and camber and thoroughly 
cleaned and a priming cont of Socony Asphalt Emulsion No. 3 was applied 
at a rate of 2 to 3 gallons per 100 square feet-. The coarse aggregate for 
the bottom course was mixed with Emulsion No, 0 by dipping. The 
quality of the Emulsion must be such that- between 4 and 0 per cent by 
weight of bitumen will be incorporated with Hie stone Socony Emulsion 
No. 6 containing 70 per cent of bitumen met this requirement. 

The coated conrse aggregate was spread on the prepared base to a- 
fchickncss of about half an inch more than the required finished thickness. 
After spreading it was left for six hours and then rolled to compaction- 
with n ten ton roller. Fine stone grit was spread over the surface ta 
prevent adhesion. Rolling was continued until all movement had ceased. 
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Seal coat . — In th£ case of 1 inch and 1£ pavements a seal coat ^as 
applied using >2 to 3 gallons per 100 sft. with stone grit of £ inch to £ inch 
igauge at the rate of 3 oft. per 100 sft. 

For 2 inch to 3 inch pavements a wearing course was used of f inch 
'stone grit dipped in the emulsion and spread evenly, after raking over 
the bottom course, uniformly to a depth of f inch. This was rolled* after 
-tlmee hows, steoe -ms. fcMsA on tho swings to ohtftvn s, otoss'i fesfsk. 
‘The result of this process of premixed asphalt Macadam was not very 
satisfactory. 

2. With hot bitinflcn asphaltic concrete ( [shelcrete and shelsheet ). — The 
bituminous materials in this case were Mexphalte 20/30 penetration and 
“Slielmac”, a “cut back’’ made by the Shell Company with bitumen 
and Solar oil. A “cut back” of this type is relatively simple to mani- 
pulate and easy to work. It needs only slight heating and the mi XP -d 
aggregate can he laid either cold or hot immediately nr be stored. If 
After some time it gets hard, it can be softened by the addition of a little 
Solar oil. 

The grading of the aggregate was varied according to the thickness 
of the coat. For 1 inch Shelsheet the stone was of f inch to J inch gauge 
mnd for thicknesses of 2 and 2£ inch, of 11 inch to 1 inch gauge. S and 
•containing 9 per ce nt coarse (-2 mm + -6 mm), 80 per cent medium 
(—•6 mm + 0‘2 mm). 6 per cent fine (-0*2 mm + ‘085 mm), and 5 per 
went dust (--095 mm) was used. In damp or cold weather the sand was 
heated to about 110 = F*on iron sheets- six inches above ground level with 
n fire underneath. 

Shelmac (one part) was heated to about 200°F and the Mexphalte 20/30 
j(two parts) to 350°. The mixture was raised to 350°F and allowed t« 
cool down to 300°F at winch temperature it was used. 

.For a 21 inch finished coat (Shelcrete) batches of 3 eft. of stone metal 
of 11 inch "to 1 inch gauge and 11 eft. sand were used with 221 poimds 
of the mixture* of Mexphalte and Shelmac. The surface of the road was 
first brought to the proper camber and grade and all" pot-holes were filled 
in, stone metal coated with bitumen without sand being found very satis- 
factory for this. 

A Millar’s Mixer of 5 eft. capacity was used as follows : — 

The machine was started up and the stone put in. Nine pounds of 
bitumen was added an d when the metal was coated with bitumen 11 eft. 
.of sand was put in followed by 131 lbs. of bitumen. Mixing was carried 
for 3 minutes. The mix was carried to the road in iron barrows, dumped 
and immediately spread by rakes to the screeds. Rolling followed without 
-delay with an eight ton roller. The resulting surface after compaction 
‘had "a mosaic appearance at first but quickly closed up under traffic. It 
ds in effect self sealing- 

1 inch Shelsheet- For this the process was the same except that 
•smaller gauge stone was used and greater care wa s necessary that the 
‘base should be properly prepared and even. These thinner carpets tend 
to follow the unevenness in the base if thi s is not done. For details see 
*j?age 6. 

The total area treated during the year 1933-34 with the specifications 
•described above was approximately 500,000 square feet. The roads treated 
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carry medium traffic and intensive earfc traffic. These were Hamiitoift 
P.oad, the City approach to the Jumna Bridge and sections of Delhi-Gurgaon, 
Boad via Basant, Traffic statistics are being collected. 

21 inch thick Shelcrete was laid for heavy cart traffic and 1 inch Shel- 
sheet for lighter traffic. No expenditure has been incurred in the main- 
tenance of the Shelcrete but some patching has been necessary with the 
Shelsheet. 

Brick and occasionally cement concrete edging lias been laid along, 
roads treated with bitumiuous mixtures in order to define and protect the. 
edges. 

Tar . — Tar has also been used both for surface painting and for carpets. 
The surface painting done was similar to single coat bitumen painting, 
and appears to be only suitnblc for light traffic. For carpets the method, 
adopted was that ot a single coat of graded stone metal final dressing being 
done with premixed clappings of 4 inch to £ inch gauge. 

Tar carpets or pavement have been laid of 1 inch, 14- inch and 2\ inches 
thickness, the first on an old painted road, the Alipur lload, the second-' 
on an old water bound Macadam road, the Grand Trunk Boad to Kiunal 
and the last on the Old Bohtak Boad. 

The grading of the stone metal was as follows : — 

For 2$ inch and 14 inch pavements. 

1 j inch to 1 inch 30 per cent. 

1 „ J inch 33 pci cent. 

4 » i ,» 30 per cent. 

Stone dust filler 3 per cent. 

For i inch Carpets. 

1 inch : o $ inch 35 per cent. 

J „ J » 30 ] er cent. 

4 » a ii 30 per cent. 

Stono rl it t filler G per cent. 

The tar used was a low viscosity B.E.S.A. specification No. 2. 

The method of mixing, storing, spreading and rolling was as follows: — 

Mixing was usually done by, hand in old tar drums fixed on a wooden 
frame and rocked by 4 workmen — 2 eft. were mixed at one charge in 5- 
minutes and 3 such mixing drums turned out about 720 eft. daily. The 
quantity of tar wns 24 lbs. for 1 eft. of large stone and 3 lbs. for 1 eft. 
of drippings. The tnr was heated to 250°F and the stone metal and 
drippings were separately mixed Mid stored nt road site exposed to the 
air for 7 to 14 days and not used until the mixture had become sticky. 
In the hot weather this condition wns reached after only 2 or 3 days and 
the mixture was laid and rolled then. 

Mixture was spread to the required thickness on a road surface which 
had been given a priming coal of No. 1 Tar nt the rate of 1 gallon for fiO 
to .80 sft. It was then rolled till movement censed. The premixed 
drippings were then spread and rolled lightly for four or five times only. 
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light oil constituents to evaporate and to allow it to develop its adhesive 
•qualities. It was then carted to the site of work and spread to an average 
thickness of 1J inches and rolled with an eight ton steam road roller. 
When the surface had been thoroughly rolled, stone dust was sprinkled 
•on the surface to fill in the voids. 

The road was kept closed to heavy bullock cart traffic for 10 days. 

Cost . — 1 inch Carpet Its. 8 per hundred square feet. 

Seal coat Es. 3-8 per hundred square feet. 


' Specification for 1 inch Tar Carpet at Great Place ( October 1934). 

The method of laying the tar carpet slightly varied from the usual 
method for tar carpets and was based on successful experiments carried 
out in the Punjab. 

Material — 

Tar No. 1 at 2*10“ F. 

Tar No. 2 at 250“F. 

Tar No. 3 at 260“F. 

Construction . — After the usual operations of cleaning etc. the existing 
surface was primed by spraying with Tar No. 1 at the rale of 16 lbs. per 
100 sq. ft. The metal was graded from £ inch to $ inch in the following 
proportions: — 

J inch to J inch GO per cent. 

f inch to £ inch 40 per cent. 

This was premixed with Tar No. 3 at the rale of lbs. per oft. and spread 
on the surface while the priming coat was still “tacky”. The premixed 
metal was spread to an even surface and consolidated by a roller. 

After the expiry of 24 hours the surface was again painted with hot 
Tar No. 2 at the rate of 24 lbs. per 100 sq. ft. To obtain an even spread 
this was brushed immediately after the sprayer had passed. 

Fine grit 4 inch to £ inch at the rate of 3 eft. per 100 sq. ft. was 
then spread and rolled till the carpet had set, and the road opened to 
traffic. 

Cost. — Its. 10 per hundred square feet. 


Armour coats. 

These have been laid on the Karnal Ttoad, Miles 3 A' 4 (October 1934) 
with three different materials, vie : — 

(a) Armourcoat with Biiumuls. 

(b) Armourcoat with Colas Emulsion. 

(c) Armourcoat with Tar-Bitumen Mixtures. 
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The materials and specifications UBed in aixnourcoat construction are- 
as follows: — 

(a) Armourcoat with Bit winds. — Materials . — (?) Bitumuls Emulsion. 

A quick setting type of emulsion is required in the construction of an 
Armourcoat. 

(fi) Aggregates (Stone metal 1 inch to 3/4 inch). 

The large aggregate is stone metal of which 90 per cent passes a screen, 
having l.\ inch circular openings and not less than 90 per cent is retained 
on a similar 1 inch screen. 

Coarse stone chippmgs used for key stone and filling voids is f inch 
to £ inch and must eoniorm to the following grading: — 

Not less than 80 per cent shall pass a 4 inch screen and not more 
than 5 per cent shall pass a 10 mesh sieve. 


Fine chippings used for filling voids und for surface finish must conform, 
to the following grading: — 

Not less than 90 per cent, shall pass £ inch screen and not more- 
than 20 per cent, shall pass a 10 mesh sieve. 

Preparation of Sub-grade . — The old surface of this section prior to the- 
construction of the Armourcoat had an irregular cross fall. The camber 
varied between 1 in 36 and 1 in 20. The brick-edging had sunk into the 
ground lower than the metalled edge at many places. This necessitated 
truing up of the old surface so as to have a regular camber of 1 in 48. 
This was done with stone metal precoaled with bitumuls which was also 
used for filling potholes and depressions after digging them out. The 
material thus laid was thoroughly well compacted and all dirt or dust 
completely removed from the rest of the road surface by brooming. It 
was then sprinkled with water and a tack coat of Bitumuls at the rate of 
I/10th gallon per square yard was given on the damp surface. 

The stone ballast was spread by hand oh the prepared surface at the 
rale of 12‘1 eft. per 100 sft. Dumping from baskets on the subgrade wan- 
not permitted. If the stone ballast segregated into sizes in handling, it 
was mixed until it presented a uniform appearance spread on the road. 
The surface of the stone was then carefully trued up and all high and low 
spots remedied by removing or adding stone as necessary. It was then 
lightly rolled once only to interlock the stones. 


After the stone ballast had been rolled, a little water was sprinkled and 
on the damp metal bitumuls was applied with a pressure distributor at 
the rate of 2 gallons to 5 sq. yds. It was then left for at least 12 hours 
before rolling. Bolling must not be started until two pieces of the metaL 
can be pulled apart without the asphalt stripping from either piece. 


The Bitumuls treated aggregate was rolled over lightly once and 
immediately afterwards, coarse chips were uniformly spread on the surface 
m sufficient quantity to fill the voids (2 to 3 eft. per hundred sq. ft.). 

These were spread by hand and then broomed to secure even distribu- 
£ -+v, he S ?’ f£l ? e was Men rolled the rolling being accompanied by broom- 
mg with a dragbroom until the chips were forced into the voids of the 
base stone and it became thoroughly locked and keyed. 
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Any loose chips remaining on the surface were evenly distributed by 
bvooming and then a final application of bitumuls was made at the rate 
of 3 gallons to 5 sq. yds. An interval of 12 hours or longer was allowed 
before it was lightly rolled once again. The surface was then covered with 
fine chips at the rate of 1J eft. per hundred sq. ft. 

The fine chips were spread, broomed and rolled in the same manner 
ns described for the application of the coarse aggregate. The surface was 
then rolled until it was smooth, uniform, and fully compacted. 

Cost. — its. 14 per hundred square feet. 

The following specifications have been followed in two short lengths 
treated with Bitumuls WBM and Bitumuls and Tar. 

24 inch consolidated Premix with Bitumuls. 

Base Course — 

10 cubic feet stone metal graded as follows : — 

14 inch to 1 inch 6 cubic feet, 

finch io 4 inch .,..»••• 2f cubic feet. 

f inch down to dust . , • • . 24 oubic feet. 

% ^ ' l_l 

1 0 cubic feet. 

This aggregate was mixed dry and formed into conical heaps on the 
surface of the road to be treated. 

One gallon of water was poured over each followed by 5 gallons of 
Bitumuls WBM and the whole turned over with shovels until thoroughly 
incorporated. It was left in heaps for 24 hours. 

A Taclc coat of the sarhe emulsion was then applied to the surface at 
the rate of one gallon per hundred square feet. As soon as this had broken 
, the premixed material was spread evenly to 14 inch thickness and rolled 
to consolidation. 

Wearing Course. — 10 cubic feet of stone grit -§ inch to dust was placed 
in a heap and wetted with two gallons of water. Six gallons of Bitumuls 
WBM was then poured over it and mixed. It was left for twenty-four 
hours. 

It was then spread evenly to half an inch thickness and rolled to con 
3olidation, 

The road wag then opened to traffic. 

24 inch consolidated Premix with Bitumuls and Tar. 

Base .Course — 

10 cubic feet of stone metal graded ne follows : — 

14 inch to 1 inch . ( .... 5 cubic feet, 

f inch to 4 inch . . - . . .24 cubic feet, 

f inoh down to dust . . • . . 24 cubic feet. 

This aggregate was mixed dry and formed into conical heaps on the 
surface of the road to be treated. 

Five lbs. of Tar No. I heated to 200°F, was poured over each heap and 
thoroughly mixed with shovels. This was followed by five gallons of 
Bitumuls WBM added cold and mixed until thoroughly incorporated. It 
was then left for twenty-four hours before spreading and consolidation. 

c 
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The rest of the specification including Tack Coat and Wearing Course 
•was exactly the same as for the plain Bitumuls prernix. 

(b) Specifications of Armourcoat toith Colas Emulsion . — The details for 
•correcting the camber and preparing the subgrade by patching potholes 
are the same as described under Bitumuls. 

After this the old surface of the road is cleaned and then slightly 
Toughened by wire brushes and by picking it lightly at short intervals. A 
■chase was cut along the edges and bricks laid vertical^. 

If there is much camber on the road which would result in Colas flowing 
off the sides, a very thin layer of srone dust must be scattered on the road 
first. 

Coarse stone ballast 1A inch to 1 inch was then evenly spread at the 
rate of 12 eft. per 100 sft. or 1A inch thick and lightly rolled with a hand 
roller. 

After the initial rolling £ inch to \ inch grit at the rate of 2A eft. per 
100 sq. ft. was spread to fill in the interstices to about A inch down from 
the surface. t 

The surface was now damped with water and Colas emulsion applied 
•at the rate of % gallon per sq. yd. A sprayer was used and care taken to 
•get even distribution of the emulsion. The surface was then blinded with 
A inch chippings at the rate of 4 effc. per 100 sq. ft. Tho surface was 
'.then made even by a dragbroom and very lightly rolled. This done, a little 
water was sprinkled and more Colas emulsion nt the rate of J gallon per 
sq. yd. sprayed on. The surface was again blinded with i inch to -J inch 
screenings nt the rate of 3 eft. per 100 sq. ft. and a drag-broom again used. 
The latter operation must be done very carefully as it is apt to pick up 
stones leaving small holes in the surface which, if not replaced by hand, 
will render the surface uneven. 

After this the surface was left for 24 hours and was then thoroughly 
•consolidated with a ten ton steam roller. 

Immediately after the rolling and compaction of the armourcoat a seal 
, coat of Colas at the rate of 1/5 gallon per sq. yd. was applied and blinded 
with stone dust i inch and less. Cost Bs. 12 per hundred square feet. 

(c) Specifications for Armourcoat with 2+ inch Tar/Bitumcn Mixture . — 
The details for correcting the camber and preparing the subgrade are the 
same as those described under Bitumuls. 

The old surface of the road is cleaned and then slightly roughened bv 
.wire brushes and by picking it lightly nt intervals. A chase is cut alone the 
edges and bricks laid vertically to afford lateral support. 

Materials. — The' following two mixtures of tar and bitumen have been 
used : — 

Mixture A 75 per cent Tor. 

25 per cent Bitumen. 

i, B 70 per cent. Tor. 

30 per cent. Bitumen. 


The Bitumen used is Mexphalte 30/40 penetration and the tar is Shali- 
mar No. 2.. The mixture is prepared at the works and brought to site in 
sealed iron drums. 



31 


Aggregate. — The aggregate of Delhi Quartzite was in the 
(portions : — 


1 inch stone 
| „ to 14 inch , 

f » to 4 „ . 

.The proportions of the chippings -were 


one- third, 
one -third, 
ouo-third. 


following pry 


4 inch to 4 inch . 
8/1G inch to i inch 


60 per cent. 
40 per cent. 


'Mixing . — The three different grades of stone were separately stacked 
,-and, before mixing, measured quantities were taken from each of the stacks 
jand were spread in layers one above the other. These layers were cut by 
a shovel so as to get equal quantities of each and carried to mixing drums. 
.Mixing was done in revolving drums, the stone aggregate being put into 
them at atmospheric temperature and hot bitumen mixture at 250°F then 
-.added at the rate of 31 lbs. per eft. in the case of Mixture A and 3 lbs. 
.m that of J3. 


The capacity of the drum- is 2 eft. and mixing is continued until the 
•aggregate is thoroughly well coated. One drum turns out GO batches of two 
icft. per day of 8 working hdurs. 

Construction . — The precoated aggregate was then token to the storage 
■dump and allowed to cool down so as to develop the adhesive qualities 
•of the bituminous material. About 2 to 3 days arc considered necessary 
for this purpose after which the precoated aggregate is carried to Ihe mnd 
•surface where it is evenly spread with raltes. 

The following specifications have been followed in 4 short lengths treated 
•with Tar /Bitumen Mixtures A Sc B: — 

. 1 $ inch Consolidated Prcniix, 

(a) f furlong. 

.Bas'c Course. 

.15 cubic feet metal per 100 sq. ft. premixed with 3 lbs. mixture 
"A” per cubic ft. of stone. 

Surfacing Course. 

: Spread i inch — J inch dry chippings at 4 cub. ft. per 100 sq- ft. 
and roll. 


Wearing Course. 

Seal by spraying Mixture "A” at 30 lbs. per 100 sq. ft. spread 
i to i inch dry chippings at 3 cub. ft. per 100 sq. ft. and roll- 

•'Cast. — Rs. 15-8 per 100 sq. ft. 

0 2 



{b) % furlong. 
Base Course. 
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15 c.fb. metal per 100 sq. ft. promised with 3 lbs. mixture “A” 
per cubic ft. metal. 

Surfacing Course. 

4 eft. chips per 100 sq. ft. premixed with 31 lbs. mixture A per 
cubic ft. 

Cost. — Rs. 13-12 per 100 sq. ft. 

(c) } furlongs. 

Base Course. 

15 eft. of metal per 100 sq. ft. premised with 81 lbs. Mixture ‘B'-' 
per cit. 

Surfacing Course . 

Spread dry 1 to $ inch chips at 4 eft. per 100 sq. ft. and roll. 
Il'carinp Course. 

Scnl by spraying mixture 'B' at 80 lbs. per 100 sq. ft. blinded* 
with 3 eft. chippings and roll. 

Cost. — Rs. 16-4 per 100 sq. ft. 

(d) * furlongs. 

Base Course. 

15 eft. of metal per 100 sq. ft. premixed with 31 lbs. mixture- 
'll ’ per eft. metal. 

Surfacing • Course. 

4 eft. of chips per 100 sq. ft. premixed with 4 lbs. mixture - 
B per eft. 

Cost. — Rs. 14-8 per 100 sq. ft. 

N. B . — In (a) & (c) after the metal has been premixed, spread and 
rolled, dry i inch— 4 inch chips are spread at 4 eft. per 100 sq. ft. and' 
rolled. These chips are not premixed with any Tar Bitumen mixture 
After they are rolled in. a seal coat i= applied at 30 lbs. per 100 sft. (41 sq 
yds. per gallon). v " 

The quantities of metal actually used were in excess of those mentioned' 
above because the thickness at the edges is more than 11 inches, in order- 
to, correct the camber. 


Cost. Rs. 15-8 per hundred square feet. 
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Specifications for resurfacing 1 inch Premix with cold Socony 
Emulsion, laid on Maude Road ( [August 1933). 

Materials used. — Socony Emulsion No. 3 Bitumen content 53 per cent, 
•of 105 grade and No. 6, 70 per cent, of 105 grade. 

The road surface -was first cleaned with wire and broom brushes. 

After the cleaning operation^ a tack coat of Socony Emulsion No. 3 
at the rate of 11 to 2 gallons per 100 sq. ft. was applied to the clean 
.•surface. 

Stone grit passing 1 inch mesh and retained on i inch mesh was 
.placed in perforated buckets, which were dipped in larger buckets 
containing Socony Emulsion No. 6. These perforated buckets were taken 
rut and, after the excess quantity of emulsion had run out, the material 
ithus pre-mixed was laid on the surface to an average thickness of 1£ inches. 

After the breaking of the emulsion (when it assumed a dark colour) 
•the surface was rolled. 

After thoroughly rolling of the surface had reduced the voids to a 
minimum fine stone chips from i inch downwards were sprinkled on 
•the surface brushed even and rolled into the interstices and the road 
was opened to traffic. 

About 5 to 7 lbs. of Emulsion were required to coat one eft. grit 
in the dipping process. 

Cost. — Bs. 9 per hundred square feet. 


.Specification for Resurfacing with 1 inch hot Socony Premix. 

Parliament Streot Point P to 0/4 including Circle li/2 (June 1934). 
Material used. — Socony Asphalt, grade 101. 

The old surface of the road was roughened with pick axes and was 
thoroughly cleaned. 

Stone grit at atmospheric temperature, passing 1 inch mesh and 
retained on % inch was mixed with Socony asphalt, grade 101, heated 
•to SoO 0 ! 1 at the rate of 3 to 4 lbs. of asphalt per eft. of grit. The mixing 
was done in a mixing drum fitted with beaters and operated by hand. 
The precoated grit was spread on the surface of the road to an average 
■thickness ,of 1J inches and on interval of 12 hours was allowed before it 
was rolled to set. Fine stone chippings $ inch downwards were sprinkled, 
brushed and rolled into the insterstices and the road was opened to 
traffic. 

Cost. — Us. 9-8-0 per hundred square feet. 

j 

Specification for 1 inch carpet with Golfix, laid on Quccnsway Point X 
to B and Circus X Material used Cofix of 55 to 60 per cent, bitumen 
. content (Sprain cx of 200 penetration). 

The specification and the process of laying this were the same as 
used for cold Socony Emulsion, except that 0 to 8 lbs. of emulsion 
were required to coat 1 eft. of grit. 

Cost. — E b. 9 per hundred square foot. 
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Specification for 1 inch Premix coat with Ortnul Emulsion laid on furlongs 
6 to 8 of mile 6 Delhi-Muttra Road. 

Material. — Ormul Emulsion, Stone grit passing 1 inch and retained. ' 
on 4 inch mesh. 

Construction . — The old surface ,of the road which had previously been, 
treated with spramex about 2 years prior t,o this treatment had* worn 
badly and had numerous potholes i and depressions. These depressions 
were first filled with stone metal wetted and rammed and the surface- 
damped. 

A thin priming coat of the emulsion was applied to the surface at 
the rate of l/5th of a gallon per sq. yd. A bottom coat of aggregate 
premixed with Ormul Emulsion by the dipping* process, and consisting 
of stone grit passing 1 inch and retained on A inch was then laid. 
•£■ inch to l inch stene grit premixed with Ormul Emulsion was spread 
as a top course and rolled till no movement took place. About 5 to 7 
lbs. of Emulsion are required to cover one eft. of stone grit in the 
dipping process. 

The road was then opened to traffic after 2 days for a few days, 
after which the surface was cleaned and a seal coat applied. The road 
was then finally opened to traffic. This has definitely failed tc stand 
up to traffic satisfactorily. 

Cost. — Its. 10 per hundred square feet. 


Mix-tn-Placc treatment of Rolitalc Road in d furlongs of mile 3 ( March 

1933). 

Binders (A) “F. 70” and Mcxphalte ( 30/40 penetration) in proportion of 

3 to 1 in Furlongs 5 and 7. 

(B) Colas Emulsion in Furlongs 6 and 8. 

This section carries mixed traffic with intensive brick cart traffic. 
The road was remetalled in 1930-31 and the surface prior to this treat- 
ment had numerous deep pot holes. 

Scarifying. — The surface was swept and cleaned by broom brushes 
and it was then scarified by means of the Caterpillar Grader and scarifier 
outfit No. 20 driven by a 30 H. P Tractor. The average depth up to 
which the road was scarified was 3". Owing to numerous potholes ,in 
the surface very considerable difficulty was encountered in the adjustment 
of the scarifier which continually required to be> lowered or raised as 
it moved forwards and backwards on the road. 

A trial was made with a “rooter’' driven by a steam road roller, but 
this too did not prove very satisfactory. Employing hand labour for 
picking up the surface which the scarifying tynes had missed, proved 
more satisfactory. 

Preparation of sub-grade. — The scarified material was bladed to one 
side of the road by means of a shovel-like attachment on the grader. 
The surface thus exposed was sprinkled with water and rolled. 

First application of binder. — A mixture of "E. 70” and crude oil in 
the proportion of 3 to 1 by volume and heated to 200°E was applied to 
the surface at the rate of 4 sq. yds. to a gallon. 



The blnded materials which Lad been graded by hand from 2 inch 
to £ inch by this time were brought to the road and laid in a regular 
window in the centre in sufficient quantity to give a wearing coat of 
3 inch thickness. In grading the old ballast care was taken that ali 
clay and fine materials were totally removed. As the old surface had 
been badly worn the quantity of old ballast obtained from it was not 
enough to make a 3 inch coat and new metal had therefore to be added. 
This was approximately one quarter of the total quantity used. 

Second application of binder . — A mixture of “F. 70” and Mexphalte- 
in the proportion of 3 to I was poured over the stack ,of new and old 

metal from hand pouring pots. This was done in two applications and 

,ne quantity of binder used in both was at the rate of fth a gallon per 
«q. yd. of finished road surface. The stone metal was then turned over 
and thoroughly mixed by the grader in a number of trips going forwards- 
and backwards turning and shovelling the metal until it was fully coated 
with the mixture. The precoated aggregate was then spread evenly on 
the primed surface and was consolidated by a ten-ton steam load roller. 

Stone chips £ inch to £ inch size wore spread at 4 eft. per 100 sft. 

for blinding. No further rolling was done and traffic was allowed to- 

go over the road for further consolidation. 

So.on after completion the surface showed signs of breaking up and 
ruts formed. An effort was made to make the traffic spread evenly over 
the surface by putting guide stone boulders which proved fairly success- 
ful and the surface improved as regards smooth appearance for some- 
time. The defect appeared to be that the binder did not immediately 
become hard enough to bind the stones sufficiently to resist being pushed 
out under the weight of the traffic. Hence the surface became very 
wavy and rough. 

It has however, now attained a hardness which is comparable with 
that of any of the heavy duty materials but still unfortunately retains 
the uneven surface. 

The treatment using Colas Emulsion wns exactly the surne except 
of course that it was not heated. 

The results were also the same. 

Cost. — Es. 15 per hundred square feet. 


Treating the surface of a water bound macadam road. 

A. — Bitumuls wearing surface on Delhi Najafgarh Road, mile 2 F. I 

(Oct. 1934). 

Material . — -Bitumuls HX (55 per cent. Bitumen content of 200- 
penetration). 

Construction . — The surface of the roadway was properly cleaned and! 
all fine material was removed from the interstices of the base metal 
to a depth of at least £ inch. 

Any holes or depressions which were revealed were patched with 
crushed metal precoated with Bitumuls HX. 

First _ application . — After preparing the road surface a little water 
was sprinkled on to dampen the surface, Bitumuls HX was then 
sprayed on the surface at the rate of £ gallon per sq. yd. and this was 
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immediately followed by stone chips 5 inch to £ inch, which were spread 
■on the surface nt the rate of 3 3 eft. per 100 sq. ft. An interval of • 
about two hours was allowed and then the surface was drag broomed 
and rolled. 

Second application . — The surface was again damped by sprinkling 
water and a second application of Bitumuls HX at the rate of } gallons 
per sq. yd. was given. 

Immediately after spraying stone chips § inch to i inch were spread 
at the rate of 2*2 eft. per 100 sq. ft. After about two hours or a little 
longer the surface was dragbroomed and well rolled, the road was then 
opened for traffic. 

Cost. — Bs. 6-8-0 per hundred square feet. 


Treating the surface of a Water Bound Macadam Boad. 


23. — far Bitumen Mixture tvcaring surface on 

Mile 11 (Oct. 1934). 

Material — 

Mixture A. 

Delh i-Na jafga rh 

Tar 2?o. 2 .... 

Moxplialte 30-40 penetration . 

75 per cent. 

25 per cent. 

Mixture B. 


Tar Xo. 2 

.Mexphaltc 30-40 penetration . 

70 per cent. 

30 per cent. 


Construction . — The initial process of cleaning, etc., was carried out 
-as in the case of Bitumuls weaving surface. 

The Tar-bitumen mixture at 250°F was then applied by means of a 
sprayer at £ and i gallons per sq. yd. respectively of mixtuie A for 2 
furlongs each and i and i gallons of Mixture B for another 2 furlongs 
each, making up the total to a mile. After this application the surface 
was blinded with stone clippings J inch to £ inch at the rate of 8 eft. per 
100 sq. ft. and rolled. 

Cost. — Bs. 5-4-0 per hundred square feet. 


n. — T reating tge surface of painted roads. 


Tar-Bitumen Mixture wearing surface on Dclhi-Najafgarh Road Mile 

(Oct. 1934). 


Material . — 


Mixture A. 


6 


Tar No. 2 

Mcxphalle 30-40 penetration 

Mixture B. 


75 per rent. 
25 per cent. 


Tar ifo. 2 . . • . 70 per cent, 

llesphttlte 30-40 penetration . . SO per cent. 
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Construction. — The old painted surface of the coat was properly cleaned 
and all dust and dirt was removed. ' 

Tar-Bitumen mixture at 250°F was then applied by means of a 
sprayer at the rate of i and £ gallons per sq. yd. respectively of mixture A 
for 2 furlongs each and J and i gallons respectively of mixture B for 
another 2 furlongs each, making a iotal of ono mile. 

The surface was then blinded with J inch to i inch stone ekippings at 
ithe rate of 2J eft. per 100 sq. ft. 

It was then rolled and opened to traffic. 

Cost. — Rs. 2-8-0 per Hundred square feet 


Cement concrete Road — 

1. 2 Furlongs on the old Rohtak Road (April 1934). (J of F. S 

Mile 2, F. 1 and l of F. 2 of Mile 3.) 

2. 2 Ftirlongs on the Meerut Road ( October 1934). (Furlongs 2 

and 3 oj Mile 1.) 

The above concrete carriageways are of an experimental character 
.and have been laid on sections of Provincial roads that are subjected to 
mixed traffic with intensive four-wheeled cart traffic. The former has 
‘been laid on an old macadam bed in a single course and the latter has 
been constructed as a double course, on a section which had received a 
grouting coat with an emulsion lost year. This section soon after that 
treatment started breaking up and just before laying concrete its condi- 
tion was so bad that it had to be closed to traffic. Tlio stone metal did 
not effectively bind together but remained loose and crumbled away 
under the impact of the load resulting in n large number of depression 
•all over the surface. The entire grouted coat had therefore to be 
removed to obtain a solid base under the concrete slab. 

On the Rohtak Road to compare the resistance to such traffic of 
concrete with that of other high grade pavements one furlong lengths 
•were constructed with 2k inch compacted coats of Shelerete, Premixed 
Tar Carpet and Water Bound Tar Macadam. A detailed description of 
these is given in the preceding pages. It will be interesting to note 
liow the degree of wear observed with these various experimental surfaces 
•compares with that of concrete and to determine the economic life of 
•each type. 

For the concrete road a section 7"-5"-7" has been adopted with a 
central construction joint and an expansion joint at 83 ft. intervals. A few 
bays have been constructed of tlie full width with straight and skew 
joints. 

Two long bays of the full width of cross section have boon constructed 
with an expansion joint only at thp end of each day's work. Hoop iron 
hexagonal rings have been introduced 1$ inches below the finished surface. 
It is expected that fine contraction cracks will occur following these 
hexagons and large cracks will be avoided- Ed go reinforcement and 
M. S. dowels have been given in certain slabs. These various forms of 
■construction • are shown on the plan. 
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Materials. 

Cement . — The cement used is stow setting Portland cement of BBB. 
brand manufactured by Bundi Portland Cement Ltd. It passed the 
following tensile tests mado by the manufactures with standard sand: — 

' ’ i ; ' 

» 

Sand and cement ratio 3 to 1 . 

After 3 day* .... 12] Its- ]>er *;q. inch. 

Afterfdny* . . 517 do. 

The cement was supplied in jute bags and a certificate was furnished’ 
by the manufacturers showing that each consignment was tested and 
that it conformed in all respects to the British Standard specification 
for Portland cement. 

The tensile tests made of each consignment on its delivery at the 
site of work gave the following results: — 


Bvdya Nala xatul and cement ratio 3 :I. 

• After 3 days .... 3ft 11k. per »']. inch. 

After 7 days . 12G do. 

The quantity of cement used was 035 lbs. per cubic yard of finished 
concrete. 

Coarse agt/icgatc . — In selecting the aggregate the various types ,o£ 
stone available were tested to determine toughness and hardness and 
degree of wear under wet and dry attrition tests. The aggregates vary 
a little m their granular structure, some being fine grained and others 
more coarsely crystalline. The supply has been obtained from four 
quarries, two being in Delhi, ilie Jhnndewaln and Palin quarries and 
two at Tugblnqnbnd, flic Lado Snrai and AEnidnn quarries. Bach of these 
quarries yields a hard blue quartzite stone. 



Test Results. 

Thereeulleoftecle which were carriii out at the Government Test Ho me, CalcUa, are tabulated below : 
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It will bo noticed from tlicso results that there is very little to choose 
’between the local stone, the best being that from Jhandawnta quarry. 
The results however suggest that unless a binder having high ductility is 
used these local stone metals are unlikely to stand up to heavy traffic. 
Further, as the wot. attrition is much more marked than the dry, preven- 
tion of water soaking into the stone is very important. 

Particular attention was given to the grading and cleanliness of the 
■aggregate. The following sizes were found to give maximum density and 
minimum voids when mixed in the proportions given below: — 

PaRsing 1 J ln#h sq. mesh of standard 

wire serosas iuid retained on $ Inch 00 per cent. 

Passing J inch sq. mesh of stnndnrd 
wire ficrcons and retained on £ inch -tO per cent 


The above grading was followed for the single course construction. In 
the two course construction the grading was as follows: — 


For lower layer — 


Possing 1* inch sq. mesli and retained 
on J inch sq. mesh 

CO per cent. 

Passing 1 inch sq. mesh and retained 
on £ inch sq. modi . 

40 p»r cent. 

"For upper layer — 


Passing J inch sq. mesh and ictaincd 
on | inch sq. mesh 

CO per cent. 

Passing J inch sq. modi and retained 
on -J inch sq. mesh 

40 per cent. 


The screens used for grading were of steel wire of which the gauge 
-varied with the size of the opening as given below: — 

1. Birmingham Wire gauge. No. 8, for 14 inch mesh. 

2. Birmingham Wire gauge. No. 9, for £ inch mesh. 

3. Birmingham Wire gauge. No. 12, {<> r a inch mesh. 

•1. Birmingham Wire gauge, No. 18. for J inch mesh. 

The percentage of voids in the single course aggregate after grading 
-was found to be 38 and in that of the upper Ja\v r of two-course construc- 
tion 42, 

Five Aggregate . — The sand was obtained from natural deposits in a 
■ravine known as Budva Nala about 14 miles south of the citv. This is 
- free from loamy clay and organic matter. A little clay got mi*xed into it 
from the pound as suitable loading and unloading arrangements with 
pueca platforms did not exist. This necessitated washing which was done 
on running water and produced a very clean sand. ° 
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This sand was not ns well graded as was desirable and to get a good dense- 
sand it was blended with and her sand from the same ravine in equal 
proportions. A screen analysis of each of these sands is given below. 


No. r. No. II. 


1. Passing 4 mesh and retained on 10 1. Passing 4 mesh and retained on 10- 

jnesli 9 per cant, mesli 52 per cent. 


2. Passing 10 mesli and retained on 

60 mesh 84 per cent. 

2. Passing 10 mesh and retained on 60 
mesh 40 per cent. 

3. Passing 30 mesli and retained on 

100 mesh 6 per cent. 

3. Passing 60 mesh and retained on 100' 
mesh 6 per cent 

A mixture of equal parts of these two sands gave the following screen, 
analysis using A. S. T. M. sieves: — 

Passing 4 mesh and retained on 10 
mesh . . 

30' 5 per cent. 

Passing 10 mesli and retained on 50 

mesh ..... 

41’ 5 per cent. 

Passing 60 mesh and retained on 100 
mesh ..... 

6' 0 per cent. 


A graph <of the sieve analysis of the mixture shows that it comes; 
within the permissible limits of a standard sand. 

Samples for crushing and tensile strength were made with this sand 
as well as with that of Pathankot for a comparison. The results are 
shown below: — 


A. 


I.— Pathankot sand, atone grit oggrogate and 
cement ... . . . 

II. — Budhya Nala graded sand, stone grit aggregate 
and cement 


B 

I. — Pathankot sand, stone grit aggregate and 
comeiit . • . • • # . 

II. — Budhya Nala ungraded sand, stone grit aggre- 
gate and cement ..... 


Proportions. 

Ciuehing 
strength tons 
per sq. in. after 
0 days. 

1 : li : 3 

1*30 

do. 

1*28 


Crushing 
strength tons 
per sq. in. after 
14 days. 

1:2:4 

1*46 

do. 

0*92 


14 days tensile tests for sand and cement mortar in the proportions ol 
1 to 2 gave the following results : — 


Proportion. 

I.— Pathankot sand and cement . . 1 to 2 CIO lbs. per sq. id. 

II. — Bodliy a Nala graded sand and 

cement . . . . . 1 to 2 416 do. 
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Pnthnnlcot is about 100 miles East of Lahore and 350 miles from Delhi. 
The sand is obtained from file Chnkki river. 

It is a mixed lime stone gravel and bard trap sand of grey or buff 
coloured particles. The good results that have been obtained in the testB 
made with this sand are due to its homogeneous nature and also to the well 
graded and well proportioned composition. 

The main defect of the local Budhva Nnla sand is that its particles 
a\re of a more uniform size nnd the volume of its voids is large. 

A comparison is given below:— 

1. Void porcPniftge in Pfttlmnkot sand ..... 30 

2. Void percentage in ungraded ltudliya Xaln sand . . 31 


Bv grading the sand between 10 mesh and 300 mesh the voids were 
found to be 28 per cent. 

The results of tensile tests with graded Biidvn Xaln sand were satis- 
factory, giving an average of 413 lbs. per sq. in. after 14 days. Those of 
Pnthnnkot were 510 lbs. per sq. in. after the same period. 


H'rttcr. — Care was taken that the water used was clenn nnd available in 
.adequate quantities. A continuous supply was maintained throughout the 
period during which the concrete was laid and cured. A pumping set 
was installed nnd a pipe line was laid with hydrants at. short intervals. 
‘This ensured an efficient water supply. 

The quantity of water per bag of cement was approximately 4'75 
gallons during summer months and 3J gallons during winter. 

Occasional slump tests were made to check the consistency of the 

• concrete. The slump was so little as not to be measurable but when 
actually laying the concrete it was found to yield an appreciable quantity 

■ of laitance on being tamped. 

Tn addition to the slump test during mixing operations cylinder blocks 
4 inches dia. by 8 inches long were made of the mixed concrete each dnv 
for compressive tests. 

The results of 9 tests gave a mean compressive strength of 3G75 lbs. 
per sq. in., the maximum being 5400 lbs. 

Sub-grade work . — The old surface of the road was picked up where 
necessary to give n regular gradient to the concrete road ancl also to bring 
the base to the profile of the slab. B 

• A layer of clinkers and ash was spread over the picked up roll'll surface 
-of the subgrndc. The average thickness of the layer was 2 inches. It 
-was well rolled with a 12 ton roller with plenty of water. The surface 
-when dried, was hard, w’ell set and ou-n. 


A tlun layer of Jumna snnd was then spread to prevent the cement 
mortar of the concrete running down into the clinker coat. The s an d was 
kept moist by damping it with a watering can fitted with a fine rose. 

Before laying the concrete iron side forms were fixed. Insufficient of 
these were available for the work in progress and brick walls 9 inches deep 
and 7 inches high, built m cement mortar and finished with cement plaster 
wen? substituted. These were made true to the longitudinal levels. To 
ensure accuracy of the cross level nnd uniform thickness throughout the 
• construction wooden templates weie used. ° xue 
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Camber. — The cross fall from the edge of the read to n point 0 ft. from 
ilt is in a slope of 1 in 72 and the central portion is cambered to a curve. 

Mixing <i nd depositing. — Mixing was done by hand in batches using 
'two bags of cement per batch of measured aggregate by volume. 

Wooden boxes 12 inches by 12 inches, by 14 inches were used for 
imeasuring aggregate and sand to facilitate an accurate proportioning with- 
out having to measure cement. 

For the single course construction in 1:2:4 proportions, each batch 
.requires 4 measures of sand, a of 14 inch broken stone aggregate and 3 
-of f inch to i inch fines. 

For the two course construction the batches for the lower layer were of 
;the same proportions as for the single course. The batches for the upper 
Jay or required different measuring boxes. These were 12 inches by 12 
inches by 214 inches. In each batch two bags of cement required 2 
:measures of sand and 4 of aggregate. 

Each batch was separately mixed and handled by the men allotted to 
.it and the mixed materials were carried in iron puns and deposited in the 
bay under construction Water was added by measure using watering 
•cans with fine roses. 

Mixing platforms were arranged at such intervals that the period 
’between the mixing of a batch and carrying it to the site did not exceed 
1 15 minutes. The treatment of the concrete after depositing was a matter 
which required great care and attention. 

The concrete for the bottom course in two course ei instruction was 
[placed directly upon the base and was thoroughly rammed as it was being 
•deposited with cast iron rammers of fi inches din. and about 14 lbs. in 
weight. 

This was done in order no! to leave nnv voids and to spread it in the 
required shape. The top course was added within 15 minutes of the lay- 
ing of the bottom course and was well tamped with a tamper, rigid and 
•shaped to the true curve and cross slope of the camber. The tamper has a 
•tamping edge 2 inches wide shod with a steel strip J inch thick. Tamping 
•was continued until all voids had been eliminated. 

Immediately after finishing the surface the concrete was efficiently 
•protected from the sun by tenting with canvas nailed to a wooden frame 
•work and within 24 hours after depositing, the surface of the concrete wns 
•covered with canvas or empty jute bags which were kept wet. 

The surface of the concrete was finished by means of a 4 ply bow belt 
12 inches wide. Tin's was about 2 feet longer than the width of the slob and 
•stretched tight by means of a wire fixed to a wooden block at the end and 
was moved with a combined crosswise and longitudinal motion across the 
■surface with a slight longitudinal advance. This belting wns given to the 
finished surface of the concrete in order to produce a uniform surface finish 
"with a gritty texture. 

1.' Types of Construction . — Long Bay construction with hexagonal 
hoop iron reinforcement rings. 

The length of such bays was kept at 99 ft. and these were constructed 
■of the full width of the road without a central joint. An expansion joint 

inch -wide was given tit the end of each bay. 



The method of construction mis the wunc ns that for a two-courss 
concrete construction. The steel hoops were used in the surface layer in 
regular panels, the hoops being arranged alternately. 

2. Strip Const) notion . — This method of construction has been largely 
followed both for single course and two-course construction and is from the 
construction point of view the simplest. ]t also affords facilities for 
controlling traffic by making it follow well defined tracks. It has the 
additional advantages of making it easy to obtain a true longitudinal grade 
and camber with short tampers and longitudinal forms. 

Cost. — Its. 58 per hundred square feel for 7" — 5" — 7" section. 


8 feet wide cement concrete and 16 feet wide 21 inch Tar Carpet with seal 
coat and 21 inch sliel-crcto laid in 1 furlong of furlong 8 mile 2 and 

1 furlong of furlong 1 mile 3 on Robtak Road. 

The old surface of this road was badly worn and had numerous pot- 
holes. This necessitated picking it up to a depth of 3 inches and renewing 
it adding a 3 inch coat of new metal. 

The width of the road in the section selected is 2*1 feet. This width 
was divided into strips 1G ft. and 8 ft. wide respectively. 

The 16 ft. wide portion was brought to the. required grade and camber 
as a water bound Macadam road to a level 21 inches below the proposed road 
level. The 8 ft. wide portion was similarly brought to a finished sub- 
grade surface with ashes, etc., as described under Concrete Hoads at a depth 
of 6 inches below the proposed road level. To keep the exposed edge of 
the 16 ft. length as a truly vortical joint the last 1 ft. width on the side 
where the Cement Concrete road was to he laid was consolidated as a 
Cement Mortar hound road on the sandwich system against a steel 
form. After setting and removal of the steel form this vertical edge was 
plastered with cement plaster and the Cement Concrete strip laid ngninst 
it. 

Cement concrete m the proportion of J -2:4 was laid in the eight foot 
strip with a 6 — 1 — 6 inch section having a camber of 1 in 72. ?- inch 

expansion joints were provided at intervals of 33 ft. and filled with pre- 
moulded asphaltic filler. The general specifications for preparation of sub- 
grade, and mixing and laying of concrete were followed. 

For 1 furlong the JO ft. strip was treated with 2\ inch Tar carpet and 
a seal coat and the other l furlong with 2> inch Shelcrele. The 21 inch 
carpet coats of Tar and 8helcrcte wore laid according to their respective 
standard specifications. r „ 

This, conciete vith asphalt or tar carpet road was intended to carry 
heavy loaded bullock carts the concrete strip being on the left of the road 
in the direction in which most loaded carts travel. 

Cori .— Cement Concrete 6" — 4" — C" 

section 8 ft. wide . . Its. 34 per hundred sq. ft- 

16 ft. wide 21" Shclcrete or Tar . Its. 21 do. 

Average cost. — Rs. 25 per hundred square feet. 
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•Note on patch work with Socoflx and Socofalt in furlong 8 of Mile 9 Rohtak 

Hoad. 

Experiments with "Socofix” and "Socofalt” were carried out in small 
patches on Eohtalc Road, where the old road had many deep potholes. 
Different patches were treated with different methods as follows: — 

(1) The surface of the road after being cleaned was given a tack 

coat of the material. Stone grit §■ inch to 1 inch pveeonted 
with the material at the rate of £ of a gallon per eft. was 
spread over it and this was then covered with Badarpur sand 
precontad with the material at the rate of § of a gallon per 
eft. and rolled. 

(2) The same method was followed ns No. (1) but Badarpur snnd 

was mixed with 10 per cent of fine filler (road dust). 

. (3) A. small stack of stone grit sufficient for the patch was made, 

over which Socofalt was poured at the rate/ of J gallon per 
eft. This was then mixed with a phowrah, till the grit was 
fully coated. 

' A tack coat was first applied on the patch and the precoated metal 
spread over it. It was then roiled with a hand roller and 
opened to traffic. 

(4) The surface of the road was first painted and covered over with 
stone grit. It was then rolled before opening to traffic. 

These materials have only recently been introduced and consist of 
Soeony Asphalt mixed with different cut back oils in different 
proportions. They can be used cold like emulsions but have 
the advnnlnge of a much higher bitumen content. S 'cofix 
hardens in a comparatively short time while Socofalt does so 
only after about 12-24 hours. 


24 inch Waterbound Tar Macadam coat laid on 1/2 furlong 4 and 1/2 furlong 

5 of mile 3 Rohtak Road, 

Material used Shalimar Tar No. 2. 

The old surface of the road was badly worn and had developed numerous 
potholes. Tire surface was picked over to a depth of 3 inches and the 
material obtained was spread on the surface the screenings being at the 
bottom and the bigger metal on the top. New metal was added where 
necessary to make up the thickness of the metal to 3 inches. 

This was lightly rolled, the purposo of rolling being to interlock the 
stones. A small quantity of fine clay was used to act as a binder. 
This done the roller was taken off and a layer of 24 inches of 14 inch 
mafcal precoaterl with Tar No. 2 at 250°F at the rate of 24 lbs. per eft. 
was spread while hot. 

Before rolling, 4 eft. per 100 sq. ft. of i inch to f- inch bajri precoated 
with Tar No. 2 at 250°F at the rate of 3 lbs. per eft. was spread while 
hot. 

n 
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The road was rolled dry, till no movement took place. At this stage 
wet rolling was begun and continued until adequate compaction took place 
water being added gradually. 

When consolidation was complete, the fine material from screening was 
spread over tb© surface and thoroughly washed in with copious water 
and allowed to stand for 24 hours to partially dry when a final light rolling 
was given. 

Traffic was kept off the road for a week and the road was kept wet for 
2 weeks more' A seal coat was applied after two months using Tar No. 2 
at the rate of 15 lbs. per 100 sq. feet. The seal coat was not originally 
specified but was done because the surface showed signs of breaking up. 

Cost. — 21" Tar carpet Es. 18-8 per hundred square feet. 

Seal coat Es. 2-8 per hundred square feet. 

inch premined coat with Hot Socony Asphalt laid in furlongs 2 and 3 
of Mile 1 of Meerut Hoad. 

Materials — Bitumen.— Hoi Asphalt grade 101 of Standard Vacuum Oil 
Co., with a cut back. 

Aggregates . — For binder coat, li inch to 1 inch stone metal. 

F >r Wearing coat, £ inch to inch stone grit. 

Preparation of Base . — This section of the road had been given a coat 
of two inches metal grouted with Colfix Emulsion in the year 1932-33 which 
soon after lu\ing showed signs of deterioration and gave way under the 
weight of intensive brick-cart traffic which this section carries. It was in 
such bad order as to necessitate complete removal before laying the pre- 
mised coat. The base, after removal of the grouted layer showed many 
loose spots which where picked out. Prior to laying thei premixed coat, 
they were carefully filled up with premixed aggregate, levelled up and 
rolled so as to form a hard base. 

Preparation of Premix — The Asphalt (Socony 101) was heated in a tar 
boiler to 8oO°F and the correct quantity at the rate of 3 lbs. per eft. of 
=stone metal was drawn off from it into a bucket. To this was added a cut 
back, Socosol, at the rate of 1 iz. to every 1 lb. of Asphalt. 

The cut back was made by mixing Socony Asphalt 105, of 80 — 100 
penetration and Kerosene oil. The Asphalt was liented to 250°F in a tar 
boiler and was drawn off into a container in which it was mixed with 
Kerosene oil in equal quantities by volume. 

The aggregate was mixed in locally made drum mixers mounted on a 
wooden frame work. Each mixing drum had three mixing arms fixed 
inside which prevented the aggregate from sticking together. 

The mixture of Hot Asphalt and Socosol 6 lbs. weight was poured over 
the 2 eft. of stone metal in the drum which was then rotated by two men 
150 times, after which the pvemixed material was taken out and carted 
in wheelbarrows to the site of work. 

Construction — 

Bmdcr conf.— Tho premix was evenly spread on the road to an un- 
oompactc'l depth of 2 inches and rolled by a steam roller till no movement 
took place. 
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Wearing coat. — Stone clippings $ inch to i inch size, mixed with fine 
•dust in equal proportions were premixed in the same manner as described 
•above and spread on the binder course to an uncompacted depth of 1 inch, 
and consolidated. 

Fine stone dust was then spread on the surface and the road opened 
.to traffic. 

Cost. — Rs. 17-8 per hundred square feet, 

'Specification for ‘2\ inches Tiinimac laid in furlong 3 Mile 3 of G. T. Itoai 

to Meerut. 

Material. — Trinimac Asphalt cement is prepared by mixing Trinidad 
Lake Asphalt and flux oil by taking 80 parts of the former and 20 of the 
latter. The flux oil is a residual product of Petroleum distillation and 
should have a flash point, of 400°P. 

To prepare the Asphalt cement, the Lake Asphalt is heated in a tar 
boiler to a temperature of 2oO°F and the flux oil is gradually added, the 
contents being thoroughly stirred so as to ensure complete incorporation 
■cf the asphalt with the flux oil. 

Aggregate. — For binder course 2 inches to i inch. 

' Wearing surface, i inch to dust. 

General Remarks. — This section of the road was treated with Premixed 
course of Socony Emulsion varying from 1 in. to 3 inches in thickness. 
The surface, however soon after that treatment disintegrated and it became 
necessary to remove it completely before laying the Trinimac. 

Construction — 

Binder Course. — The Trinimac Asphalt cement- prepared as nbove was 
heated to a temperature of 350°F in a tar boiler, and drawn off into a 
bucket and mixed with aggregate in a rotary mixer, Ihe stone aggregate 
being at atmospheric temperature. 

4-8 lbs. of Asphalt cement were required per eft. of stone aggregate to 
•completely coat every particle of it. As soon as mixing was complete 
the Trinimac was taken- out of the mixer and carried to the site of w ak, 
where it was stacked and used cold. It was evenly spread on the prepared 
base to an uncompacted thickness of inches. It was then rolled to 
'Complete consolidation with a steam road roller. 

Wearing surface . — The proportion of aggregate to asphalt cement wnB 
the same ns in the Binder Course. The wenring surface was spread imme- 
diately after the consolidation of the binder course and was rolled to final 
consolidation. The total compacted thickness of the two courses was 
inches. The finished surface was ihen clnslfd over with stone dust and 
n final rolling given before opening the road to traffic- 

Cost. — Rs. 22-4 100 sq. ft. 

'Specification for Stanoircad treatment of 1 furlong of furlong 2, furlongs 3 
and 4 and 1 furlong of furlong 5 mile G of Muttra Road. 

fifaicriah . — Socony Asphalt grade 105. 

Socony Emulsion No. 3. 

i) 2 
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The existing load surface was properly cleaned, and all potholes of 
1 inch depth or over* repaired with precoated aggregate. 

Socony Asphalt grade 105 was sprayed at the rate of 50 to CO lbs. per 
100 sq. ft. on the prepared surface, and stone metal passing a li inch 
circular mesh and retained on a § ineh mesh was broadcast on to the hot 
Asphalt at the rate of 12 eft. pea- 100 sq. ft. 

This coat was lightly rolled and metal added or removed. as necessary 
to get an approximately true surface. A further 5 to 6 eft. per 100 sq. ft. 
of stone chips passing a inch mesh was then spread, and rolling commenced' 
with a heavy dragbroom attached behind the roller. 

During rolling and dragbrooming more chips were added as necessary 
wherever the texture of the surface indicated a shortage. When the 
surface texture was absolutely uniform, it was treated with 3 gallons per 
100 sq. ft. of Socony Emulsion No. 3 and left for 3 to 4 hours without 
disturbing the surface in anyway. 

Finally, a little fine grit was spread over the surface, which was again' 
rolled and dragged before being opened to traffic. 

Cost. — Rs. 11 per hundred sq. ft. 


Trad-ways on an earth road. 

Badli Road . — This earth road of the ordinary village type which in a- 
length of 0 furlongs from the Knrnnl Road to Badli Railway Station 
has^ been bridged and graded was selected for improvements with various 
tracks laid direct on the earth formation. The traffic on this road is 
almost entirelv village carts from the neighbouring villages. During the 
rains when all other tracks in fhe vicinity are submerged, this road gives- 
the only access to the Main road. 

The following tracks have been laid: — 

(1) Bharatpur slone slabs 4 inches thick in a 200 ft. length. 

(21 Plain Cement concrete tracks B inches thick in 1^ furlongs. 

(3) Cement, concrete tracks with reinforcement of mild steel bars- 

at top and bottom in 1 >2 furlong. 

(4) Plain cement concrete tracks 0 inches thick inlaid on top with 

1 inch Shelslioel in 1 furlong. 

(5) Cement concrete tracks with M. S. reinforcement at- top and’ 

bottom inlaid with 1 inch Sholsheet in 1 furlong. 

(fi) Cement concrete tracks 3 inches thick over 6 inches lime concrete 
in 1 furlong. 

(71 Cement concrete tracks 3 inches thick over G inches lime 
concrete inlaid with 1 inch Shelsheot in 1 furlong. 

Preliminary preparation .— In the first 000 ft. length, the embnnkment 
■was raised by a few feet. This was done to keep the formation level 
above the highest flood level which was higher than the original formation 
level cf the bank. 

The earth was laid in layers of 1 foot thickness and each successive- 
aver was thoroughly well watered and consolidated with an eight-ton- 



'49 


Types of Construction. — (1) Bharatpvr stone slabs.— These slabs are 
4 inches thick and 8 to 10 ft. long nnd have boon laid on tho ordinary 
soil. The clear space between them was 3 ft. Before laying these slabs -> 
-the earth -was dressed, rammed nnd watered. Plain butt joints were given 
-at the ends of the slnbs. 

(2) Plain Cement Concrete tracks. — In constructing the tracks iron 
■side forms were used. These were laid for the full track and both the 
-strips were concreted at the same time. The side forms were held in 
position by long iron pegs let down into the ground and by wooden struts 
which served both for gauging and resisting any inward movement of 
the forms. 

Prior to laying the concrete, the eartli was thoroughly rammed and 
watered and a thin Inver of fine sand was spread uniformly nnd damped. 

Aggregate. — The coarse aggregate consisted of the following grades 
■of stone ballast: — 

(1) Passing 1 & inch nnd retained on £ inch 60 per cent. 

Passing £ inch and retained on £ inch 40 per cem. 

(2) Passing f inch and retained on § inch GO per cent. 

Passing £ inch and retained on £ inch 40 per cent. 

Fine aggregate. — The sand was taken from Budya Nola and was a 
■.sharp, clean and hard quartzite sand. Two grades were required to be 
■combined to produce a sand with the standard grading. See details of 
concrete Bonds. 

Mixing. — The mixing was all done by hand, Brick platforms were 
laid out at suitable points in each furlong and the required quantities 
of material were collected in advance of the work. The water was drawn 
-.from wells situated about half a furlong away from the road and sufficient 
quantity was stored in Tanks erected at three places at almost equal 
•distances in the whole length of the road. The water was clenn and 
free from deleterious matter. 

The general details of the work were precisely the same as have been 
■described in the note on concrete roads. 

(3) Cement Concrete with reinforcement. — The general details of con- 
struction in this type of construction were the same ns tor the plain 
■cement concrete. The reinforcement steel consisted of four mild steel 
round bars $ inch diameter placed at the bottom 2 inches above the 
•base and five mild steel bars four feet long and of the same diameter 
at each end of the strip. The bars were suspended by wire and kept 
.-at the correct distance apart by using wooden templates. 

(4) Plain Cement Conorate inlaid with 1 inch Slid shed. — In this type 
•of construction the upper surface of the track strip was depressed by 
one inch leaving a 3-ineh concrete edge on either side during construction. 
The depressed surfnee was kept rough and diagonal linos were also made 
in it at short intervals. This was done to prevent the Shelsheet from 
being pushed under traffic. 

(а) Cement Concrete Track with reinforcement and inlaid with 1 inch 
Shelsheet. — The details of construction of this type are the same as 
■of 3 nnd 4. • 

(б) Cement Concrete tracks 3 inches thick over 6 inches lime con- 
crete. — In this type of construction the general details were the same as 
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in other types. Prior to laying cement concrete a bed of lime concrete 
was laid. The side forms were made with 9-inch dry hriclcs laid flat 
and 6 inches high. 

The lime concrete consisted of mortar of one part of slaked lime and 
three parts of Badarpur sand and Delhi quartzite stone aggregate passing a 
11 -inch screen. 40 per cent, by volume of wet mortar was added to the 
aggregate. The cement concrete top coat, was laid after the lime concrete 
had well set. Before laying it the surface of the lime concrete bed was 
roughened to give a bond. 

(7) Cement Concrete trades 3 inches thick with G inches lime concrete 
inlaid with 1 inch Shclshcct . — In this type of construction the details of 
the work are the same as described above-. The upper surface was con- 
structed in* the same manner as type 4. 

Joints . — The joints are 33 feet apart and were tilled with premoulded 
asphalt filler. 

The tracks on completion were kept wet for 14 days. The space 
between them was filled with earth and the sides were made up and 
thoroughly well rammed with hand rammers. 

Traffic was allowed on the road after the earth work was completed. 

The premoulded asphalt filler was prepared as follows: — 

Expansion on concrete roads has been provided for by £ inch expansion 
joints filled with premoulded Mexphalte joint filler. This filler has been 
made locally from Mexphalte, Jumna sand and Sawdust. 

The Mexplinltc was heated in an iron pan to a temperature of 250°F. 
A mixture of sand nnd Sawdust in equal proportions was gradually added 
and the whole thoroughly stirred, till the material became stiff. The 
quantities required for making 20 Joint fillers four feet. long. 6 inches wide 
and | inch thick were one cubic ft. each of snnd and Sawdust and 5 
gallons of Mexphalte heated to 250°P. 

The material was poured out. into wooden moulds each four feet long 
and six inches wide and lined with paper. It was rolled with a wooden, 
roller and dressed to shape. The strips of the filler were then buried in 
sand where it hardened and wns then ready for use. It can he cut as 
desired. 

The filler was placed against the face of the concrete of the bay already 
laid at the joint and concrete of the next bay was laid against it. 


Specification for applying seal coats. 

Seal coats have been provided on some of the roads to prolong the 
life of the road surface. Various materials have been used for this 
purpose including Colas, Colade, Shelmac, Spramex nnd Tar 

The potholes and depressions in the road were filled in and repaired 
by patching before starting the work. This done the surface was 
thoroughly cleaned free from dust and the sealing material spread on it 
at the rate of 3 gallons per 100 sq. ft. The surface was then immediately 
covered with * mch stone grit evenly spread at the rate of 4 eft. per 
100 sq. ft. and carefully rolled with a steam roller and opened to traffic. 
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Mr. A. W. H. Dean ( the Author): The tourist map of Delhi, which 
you have all been given this morning, has got on ife first of all a reference 
to a whole series of different specifications to wliich roads have been 
surfaced and to the corresponding number as marked in red on the ma p. 
This will enable you to inspect any roads independently, if you find time 
and the desire to do so. 

I have a little additional information in regard to the costs which I 
will be able to give any of you who want it as we go round — costs of 
our stone metal and costs of carting — which will be useful for comparison. 

There is .one other point which I am a little diffident in mentioning 
but which I feel is something that ought to be cleared up, and that is, 
the ordinary nomenclature to be used in describing work on roads. When 
I was going round on this tour, I heard people talk of gallons per square 
yard, pounds per* square yard, tons per mile, and so on. Here I have 
tried' to confine myself to pounds per 100 square feet. The yard is not 
by any means generally used in India as a unit of measurement. We 
measure our metal in units of 100 cubic feel and our areas in units of 100 
square feet. I feel that the yard is a unit which might be dropped. 
I have got a few figures also converting my units into tons per mile, 
which I can give we go round to any people who are more familiar 
with that method of describing what they do. 

There is one additional thing which I have been asked to show people 
as we go round and that is a method .of using waste bituminous metal 
dug up from roads. We found that we had a few comparatively un- 
successful experiments where we had to dig out the surfaces, and also, 
.on other occasions, we allowed roads to be almost completely destroyed 
in order to see what their life was, and we had to dig them up. We had 
thus got a lot of waste bituminous metal which we have been using 
for paving our side walks. There is a specimen near Maiden’s Hotel. 
It has been there for ten months and it seems fairly satisfactory. What 
we do is this. We take 400 pounds of bituminous scrap and heat it in 
an old drum with an opening along the lop, about 38 inches wide, and 
when it is fairly hot, and has been stirred, wo put in a varying quantity 
of crude oil — about 2 or 3 pounds. In the hot weather we find that this is 
not always necessary, but in tlie cold weather it has to be fluxed with 
a small quantity. We then add 5 pounds of bitumen, and it i s then 
taken out in closed carts as hot ns possible and spread on the levelled 
earth surface of the side walk and trowelled to about an inch thickness. 
That is going on on one of the roads that we shall go over, and T have 
been asked to show that also to the Congress, although it is not mentioned 
in itinerary or in the notes. 

Chairman : There is nothing else, gentlemen. We assemble here at 
2-30 p.m., for an inspection of roads. There is one point which I might 
Buggest to Mr. Dean, and that is, in going round, he might indicate 
how the different work is financed. My reason for suggesting that is 
that part of the work which is carried out is, as Mr, Mitchell has explained, 
for experiment. Some of the r.oads are roads belonging really to the 
Municipal Committee. We act ns agents in maintaining them. Some 
roads are in the Chief Commissioner's charge. I think it would he useful 
if Mr. Dean could indicate which is which, so that people may understand 
why it is that in different places we are trying the same thing. 

The Congress then adjourned for lunch. 
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The Congress reassembled at the Now Delhi Town Hall after lunch and 
proceeded on an inspection of roads according to the following itinerary: — 


Route. 


Nature of surface on road 
to bo inspected. 

Ref. to 
Paper 
No. 1A. 

Leave New Delhi Town Hall 

vid 

2J' Shelcretc 


24 

Wolsoley Road to Muttra Road, 

Milo 

1' Carpet with Ormul Emulsion 

• 

34 

7. 


Stanotread Treatment . . 

• 

47 

Return vid Delhi Gate, Elgin Road 

Sholcroto > On Jumna . 


24 

Jumna Bridge to Meerut R oad, 

Tar Carpet f Bridge. • 


20 

Mile 4. 







Concrete Rood 


37 



24" Hot Socony Premix 


40 



2' Grouting with Hot Asphalts 


23 



2-J' Slielereto . . 


24 



24' Trinimac . . . 


47 

Return New Delhi . 


.... 


• • 

Leave New Delhi Town Hall 


1" Carpet Slielsheet 


£0 

Parliament Street 


1" „ Hot Socony , 


33 



l' „ Tar No. 2 


20 

Great Place .... 


1' „ Tar No. 3 


27 

Raisina Road .... 


1' „ Tar No. 2. . 


20 

Queonsway .... 


1" ,, Colfix 


33 

Qutab Rood .... 


24" Slielereto 


24 

Karnol Road .... 


14' Armour coat with Tar/ Bitumen 

30 



Do. Colas 


30 

1 


Do. Bitumuls 

■ 

38 



Traffic census operations. 



Badli Road .... 

• 

Crete ways .... 

- 

48 

Return vid Lawrence Road 

and 

Painting with Tar on Lawrcnco 


Rohtak Road to Najafgarh Road, 

Road. 



Mile 12. 







Surface painting with Thr/Bitumcn 

30 



on painted Road Mile (1. 





Surface painting with Tar/Bitumen 

3G 



on Wfttei’baund road Milo 11. 





Surface painting with Bitumuls in 1 

34 



furlong of Milo 12. 


. 
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0 Bouts. 


■Return via Pnlam Rond, New Cnntt. 
Rond Upper Ridge Rond and vid 
Tibbyn College to Old Rohtnk 
Road Miles X and 2. 


Return to Now Delhi, 


Nnturo of surface on road 
to be inspected. 

Rof. to 
Paper 
No.- 1A. 

Surface painting with Tar No. 2 and 
Chandigarh ballast. 

2J' Tar Carpet with seal coat ap- 
plied after 2 months. 

25 

2V Sholcreto .... 

24 

Mix-in-plaeo treatment . 

35 

Water Bound Tar Macadam . 

45 

Cement Concroto 

37 

S ft. Cement Concroto and 16 ft. 
wide 2J' Tar Carpot and 24" 
Shelereto. 

U 

24" Tar Carpel with soal coat ap- 
plied at onoo. 

25 
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• Second day: Tuesday, December 11th, 1934. 

The Congress re-assembled at 10 a.m. on the 11th Deilonibar at the 
Kew Delhi Town Hall and proceeded on an inspection of roads according to 
the following itinerary : — 


R outc. 

Nature of surface on road 
to he inspected. 

Ref. to 
Paper 
No. 1A. 

Leave Xnv Delhi Town Hall i 'id 

1* Carpet ShvMiect 

21 ; 

Parliament Street. 

1* Hot Soconv 

33 


1' .. Tp.r No. 2 

20 

Great Place ..... 

K ,. Tar No. 3 

27 

Raisina Rond .... 

V „ Tar No- 2 

20 

Quconsway ..... 

1' .. Colfix .... 

33 

Qutab Rond ..... 

2£' Slielcrete . 

2-1 

Karnal Road ..... 

1J* Armour coat with Tar/ Bitumen. 

30 


Do. Coins 

30 


Do. Buuinuls 

Traffic census operations. 

28 

Bndli Rond 

Cretow «y« ..... 

•IS 

Return eid Lnwrcnco Rond and Rohtnl; 

Surface painting with Tar on Lnu • 


Road to Najnfgarh Rond, mile 12. 

renco Rond. 



Surface painting with Tar/Bitumen 
on painted Rond, mile 0. 

30 


Surface painting with Tnr/Bitiuncn 
on Water Bound Rond, mile 11. 

3(5 


Surface pninting with Bitumuls in 1 
furlong of mile 12. 

34 

Return vid Pnlam Road, New Canton. 

Surface painting with Tar No. 2 


meat Road, Upper Ridgo Road and 
Tibbya College to Old Rohtnk 
Road, miles 1 and 2. 

with Chandigarh ballast. 



2$' Tar Carpet with seal coat appli- 
ed after 2 months. 

26- 


2$' Slielcrete .... 

21 


Mix-in-place treatment . 

35 


Water Bound Tar Macadam. 

45 

■ 

Cement Concrete 

n •• 

O t 


S ft. Cement concrete and 10ft. wide 
2J'Tnr Carpet and 2J' Sholcroto. 

44 


2$' Tnr Carpet with seal coat appli- 
ed nt once. 

• 25 






Route. 


Nature of surface on road 
to bo inspected. 


Ref. io 
Paper 
.No. 1A. 





Rotuni to' New Delhi fosn H&ll . 

— 


Leave New Delhi Town Hall fid 
IVelseloy Bond to Muttra Bond, 

2V Sholcrete .... 

24 

mile 7. 

1' Carpel with Ormul Emulsion 

34 


St anot rend treatment . . 

47 

Return vid Delhi Gate, Elgin Road. 

Tar Carpet J on Jumna Bridge. 

20 

Jumna Bridge to .Meerut Bond, 

Shelcrete 1 

24 

4 mile 4. 

Concrete Road . 

37 


24' Hot Socony Premise 

46 


2' Grouting with hot Asphalts 

22 


2£' Shelcrete .... 

24 

Return Hew Delhi. 

2$' Trinimao . . . . 1 

47 
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Second day, Tuesday, December 11th 1934 (contd.j. 

The Congress re-assembled at 2-30 p.m. with Mr. A. Brebner, O.I.E.. 
no the Chair. 


DISCUSSION OF PAPER No. 1A. 


Chairman: Gentlemen, we propose to discuss to-day the papers which 
-we have from Mr. Dean, Mr. Breadon, and Lt.-Col. Wakely. As I 
explained yesterday, we propose to take them as read and to devote the 
time to the discussion. We will first discuss Paper No. 1A and I Mill 
now ask Mr. Dean to say whether he has anything to add to what he has 
already told us. 


Mr. A. TV. H. Dean ( the Author): No, Sir, nothing at all till after 
the discussion. 


Chairman: I must say I have not much to say or add to whut Mr. 
Dean has shown. I explained yesterday that the work we do here is 
partly for the Municipal Committee, partly for the roads which .ire under 
the Chief Commissioner and partly — and perhaps what is most interesting 
——work which we have done with money which we have got from Mr. 
Mitchell. I mention that because somebody said that we have not spent 
-as wisely a® we might have. I do not think any one can complain of 
what we have shown, at least in one respect. We seem to have seen 
•different kinds of work. It was in fact, one might almost say, embarrass- 
ing. It is difficult to remember what we have seen and what we have 
mot seen. In one respect I would criticise what Mr. Dean has shown us. 
I think there was a tendency to show us too much new work. What 
miost people, I think, would like to have seen was old work and then 
would have decided whether it wa s likely to stand up to traffic or n ot. 
.A great deal of what we saw was work which had been put up in the last 
month or two and naturally looked very nice indeed. 


Mr. G. Reid Shaw : First of all, I should like t 0 congratulate Mr. Dean 
-.on his very excellent paper and the great care he has taken in preparing 
it and also for his personally conducted tour. Having said that 1 hope 
r? .Y 111 P a 5 d °f m ® ^ 1 mak ® a few criticisms, not only of hi s paper but 
.of the majority of the papers that have been submitted to this Congress. 
In the first place, I think not enough attention has been paid to the 
•difference in chmate m the various parts of India. The papers on the 
Be li and the North-West Frontier Province roads convey very little 
naea as to the climatic conditions and, in road surfacing work, the " climate 
has a peat effect on the various materials used in cl in the methods of 

pap . e ? ™ uld & ve us maximum and minimum 
temperatui.es and the rainfall, it would be a great help to us and would 
render the papers less parochial. 


m For comparing the prices of the work in different provinces, the 

°Y?T T MS SUch as ™ efaI - cWPl’mgs and sand and the labom 
•costs ought to be given separately so that we can compare and estimate 
the cost of such work in different provinces. 


TVT ft i S ° that n0t , a ^ te ntion has b.een paid to failures. 

Most of us learn more from failures than from successes. I ]mow we 
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have had one or two comparative failures in Assam. We will be only- 
too glad to tell you about them at some other time. Unless we know 
what have been definite failures in one province or another, it is not 
much use only talking about successes. 

■ Another point is that we lack the considered opinion of the Engineers, 
who have laid these roads or who are responsible for them, as to which 
of the materials give the best results. It is rather difficult to form an 
opinion in a few' hours' time. When these experiments have been 
. earned on for a short or preferably a long time, it is essential t 0 give 
the cost of maintenance in relation t 0 the traffic intensities. 

Mr. N. V. Modck : 1 must also join the previous speaker in congratulat- 
ing Air. Dean for his very interesting und instructive paper. Ol course 
the things about which I am going to speak and the methods obtaining 
in the city of Bombay are quite different. The conditions obtaining in 
the city mads are different and t-lie same conditions are not applicable 
to the country roads at all. In the city we have to deal with traffic 
w'hich if measured would be 2,00U or 3,0UU tons per j aid width per day. 
I mu now going to speak only about city roads. I have very little 
experience of district roads, but from what 1 can judge from the methods 
obtaining on the roads which we were shown to-day, 1 think 1 can say 
that we in Bombay are practically following the same methods in improving 
the city roads. It was in 1913 when the conditions of the roads m Bombay 
grew from bad to worse that several experiments were tried, first 'oiling 
the roads, then tarring with lar mixtures, but ultimately we found that 
they failed and that they did not give the required result. From 1913 — 20. 
we used something like 12,000 tons of tar on our iv ids. 01 emirw the 
tor was obtained from the local gas works and it was too fluid for the 
work. Then we tried to mix tar with pitch and there also we failed and 
ultimately about 1920-21, wo found that the results that we obtained were 
not at all satisfactory and that our cost of maintenance was going up. 
So we thought of using asphalt because nRplialt was cheaper than tar. 
We also tried to use asphalt on the surface and still that method is 
in use. Out of 220 miles of roads in (ho City. 120 milps were treated 

with surface dressing with asphalt in the shape of 2 coat work. The 

first coat took 3 gallons per 100 square feet and four to five cubic feet 
of metal of 5(8 inch to 3 <'8 inch bine bo c alt chips. The second coat 
consisted of 2 gallons per 100 square feet covered on with 3 cubic feet 
of 1/8 inch grit mixed with 40 per cent, of dust. It was found that 
if pneumatic tyros were used in fast moving traffic, the road would last 
two to three years. That is our experience. Jf the foundations are bad. 

, ire must replace them with good ones. In the case of district roads, they 
have got the advantage that they are in existence for a number of years 
and with the periodic addition of metal in renewed coats, they get on 

to what you call solid foundations. The averago comparative cost is 

lk>. 4 per 100 square fee t for one coat work and the average cost for 
two coot work is J?s. 5-4-0 per 100 square feet. The natural surface 
dressing does not give additional strength to the road, hut it is only 
intended to be n sort of road surface and when heavy traffic started 
suing on the roads, we had to so in for what wr call grouting penetration 
method and here we want to incorporate a sort of plastic binder material 
in the. road itself. Before we decide on grouting, wo try with one coat 
of painting suitable for roads from which steel tyred traffic is excluded. 
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X am referring to the Queen's Eoad in Bombay which is standing up 
very well with one coat of asphalt every year. It carries about 15,000 
vehicles a day in 24 hours end at the time of peak loads, the traffic 
amounts to something like 1,200 vehicles per hour. "When we started 
grouting", we only went in for grouting over such roads as had good 
foundations. Otherwise we provide concrete foundations. The penetra- 
tion work was done in two coats and the total asphalt used varied from 
If to 2 gallons per square yard, the first coat taking 14 to 1?,- gallons 
and the second cost f to J gallons. Several roads have been laid by 
this method. 

Mr. P. L. Bowers : May I know, Sir, if this is all a criticism of 
Mr. Dean’s paper or if ‘he speaker gives a description of Bombay roads? 

Chairman : I hope Mr. Modak will realise that we might allow a 
certain amount of latitude if we had unlimited time at our disposal. 
Our time is short and we are supposed to be discussing Mr. Dean’s 
paper and not the conditions in Bombay. 

Mr Modak explained that he had made certain notes of experience 
in Bombay that he thought would be of interest to the Congress, but that 
if it was felt that they were too long to be read in the time available he 
would agree to their being incorporated iu the proceedings as communicated. 
His communicated remarks follow: 

Mr. Modal: : To cut down the cost of this method where the traffic was not intense 
-semi-grouting has been, introduced. 

The total asphalt used in this method varies from 1 to li gallon per square yard 
and the work is done in two coats. 

There are about 15 miles of load laid by the two methods'. These methods give 
thicker carpets and consequently fewer renewals. Asphalt with high penetration does 
not appear to be suitable; 40 to 60 penetration asphnll gives better results. 

l'he next step was Hot mix plant work. In this method grading of the aggregate 
was possible and just sufficient asphalt could be used for uniformly coating the 
aggregate without any excess which is unavoidable in hand pouring work done in semi 
■or full grouting. For very heavy traffic sheet asphalt has been used. 

There are about 37 miles of sheet asphalt pavement which is laid in two layers, each 
l^-inch in thickness. Municipality purchased a special plant to carry out this work. 
It is capable of laying 500 sq. yards of 3-fnch work and 800 sq. yards of 2-inch work 
in working day of 10 hours. The hot mixture is taken to the site of work in lorries. 
The First sheet asphalt pavement on concrete foundations was laid in 1921-22. The 
cost at that time including foundations was about Rs. 17-5-0 pc-r square jard. To- 
day it is about Rs. 7-8-0 per square yard. 

It. is estimated that this carpet will give an average life of about 15 years. The 
average cost of maintenance is found to bo about, two annas per square ' yard per 
annum. Where the traffic is not heavy, hot plnnt mixed macadam has been used. 
About 10 miles of roads have been laid by this method. It is similar to sheet asphalt 
as regards the binder course hut the wearing course is only £ inch instead of 14 inches. 
The present cost of this work is about Es. 2-12-0 per square yard. This pavement has 
given good results. No repairs had to be done to the roads treated by this method 
for the first five years. 

’Cold Mix’ work has also been done. It is laid in three different ways — 

(1) Single course work 3 inches thick. 

(2) Two-course work using chips for the top course. 

(3) Two-course work using half chips and half sand for the top course. 

Cold emulsions are only used ,for monsoon repairs. They are not found suitable for 
surface dressing. 



59 


On page 6 ot fiis paper Mr. Dean states that the purpose of the experimental stretchcB 
•of roads is u> select materials and methods best suited to the needs of the traffic aud to 
.the financial jemirces available for the upkeep of tho roads. Our aim is to establish an 
equilibrium between tho needs of the traffic and our rcsouices. The Bombay Corpora- 
tion was in tho same difficult position about 20 years ago. There was intolerable 
nuisance from dust. i-lio motor traffic had considerably increased and the cost of main- 
taining the roads was annually increasing. The milage of city roads in 1911 was 161£ 
covering on area of 4-4 million square yards. Tho cost of maintaining these roads in 
that year was about Its. 6 lakhs. In 1916, tho milage increased to 172 covering an 
area of 4 0 million squaro yards. Tho cost of maintaining the roads in that year was 
more than doubled. Sovernl expedients were tried to keep down tho coat of maintenance 
hut they were found to bo unsuccessful. ^ Tho cost of mamtennneo continued to increase. 
In the year 1922-23, it was as high a.x 33-46 lakhs. It would have gone up still higher. 
The obvious remedy to keep down tho cost was to build up substantial roads from 
borrowings, if it was economical in tlic long run to do so. Borrowing helps to distri- 
bute the initial cost equitably over the present as well as tho future rate payer. The 
principle of borrowing is that, if a particular form ot construction required nu outlay 
which could not lie met out of revenue owing to its heavy initial cost, borrowing 
would ho justified provided there was sufficient margin on the current expenditure to 
meet not only the interest and sinking fund contribution on the debt but also upkeep 
and renewal of the road during the currency of tho loan if such renewal was necessary. 
Thus, if the water bound macadam costs *ay one rupee per square yard to maintain 
annually then its replacement by a more expensive method was justified if tho interest 
on its initial expenditure at 6 pci cent sinking fund at 4 pci cont | the expense of 
annual upkeep and the proportionate cost of renewal, if such a renewal was found 
neces-viry during the currency of the loan, did not exceed that rate of expenditure 
annually. .After going into this question it was found economical to resort to permanent 
road construction by borrowing. Tlic loan period was fixed at 30 years, the :ate of 
interest was 6 per ccnl, and the sinking fund contribution was fixed at 4 per cent, com- 
pound interest. In working out flu* financial foiceast of every road treated under the 
capital road programme the following important points were given aprnnl attention. 

(1) The form of construction to be adopted. (2j Its initial cost (3' its probable 
life. (4) Average maintenance cost per annum 

By adopting (lie principle of borrowing, it- has bun po-o-iblc to save nni'idi lal.ly on 
tho maintenance co.-,t of the roads in the city. Tho milage today stands at about 222. 
Tlic important arteries of the city and principal mad? leading in bu-imse centios have 
been treated with permanent, inode of coivt-uet ion at a cost of about on*- troie of 
rupees. In 1922-25, before the introduction of the capital toad piogrntnnio, the 
-cost of maintenance amounted to 54-85 lakhs including Rs T77 for_«tieet watering 
and 1,38 for removing the mud from the roads in the num>-non In 1951 -32 the < n-t of 
maintenance amounted to about 11s. 12-16 lakli? and about 10 5 laldis for debt .barges 
giving a total of about Rs. 22*66 'against the figuie ol IN. 33.46 lakh- hndgtttul for m 
the year 1922-23. 


Mr. 0 • H. Teuton: I should like fu associate niyseif w it h the previous 
speakers in thanking Mr. Dean for his valuable paper. There folly 
only one remark which I have to make. Mr. Dean refers m hi* paper 
'(page 22) to grouting with hot. asphalts and on paces 45 ami 10 to ‘ water 
bound tnr mneadnm’'. It .seems to me that both these methods arc 
very unscientific methods o£ road construction and that if tin's Congress 
condemns these methods, we will at least achieve something. Both these 
methods represent a sort of lmppy-go-luclcy style of engineering and when 
you have the opportunity of mixing your materials together in a scientific 
manner - in a Millars’ mixing machine or any oilier mixing machine, 
it seems a pity to do any more grouting or water-bound tar macadam 
coat, work (Applause). 

Diwan Bahadur N. N. Ainjattffar: We saw a large number of different 
kinds of roads this morning and most, of thorn seem to ho very suitable 
ivithin municipal limits. Most of us Engineers here are connected with 
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problems of rural roads in the districts outside municipal areas wherein: 
we have got both bullock carts traffic as well as motor bus traffic.. 
So really our problem is to find u road which serves the dual purpose 
both for bullock carts as well as for the motor bus or lorry service. From 
what we saw to-day and yesterday, J do not think we are in a position 
definitely to say which of the roads would serve this dual purpose and. 
from the experience that we have of the district roads where both kinds 
of traffic exist, it seems to me that surface painting would not servo 
that pui’pose at all. From my experience in Mysore and also Bombay, 

I can say that that kind of work would not stand the bullock cart traffic 
where the rims are narrow and iron shed. The only thing that would 
stand that kind of traffic would be the pre-mix type or grouting and 
semi-grouting. Even they sometimes do not stand the cutting action of 
bullock carts. From our experience of the Bombay-Bandra road where- 
both kinds of traffic exist, and the work is of purely grouted type the 
life of the roads lias been about 5 or 6 years. When the side portions 
used by bullock carts got damaged these portions have been repaired by 
new patch work .and the road is likely to stand for some years more. 
One thing, in the maintenance of these asphalt roads, seems to me to be 
that after we make these roads, we leave them unattended until they 
ai'e damaged by wear. I think this is a mistake. They ought to be 
renovated periodically and after say, two or three years. Maintenance 
and repairs should be done continuously. If that is done, the surface 
keeps up just the right kind of quality of bitumen and the life of the 
road would be prolonged immensely. The cost of maintenance would 
be 2 to 2i annas per square yard. That has been the experience on the 
Bombay-Bandra road. While talking of the dual purpose road, I think 
our orclinnry macadam has been able to stand the ordinary bullock cart 
traffic, hut not these asphalt surfaces. The cement concrete seems to 
stand that purpose better. On page 49 of Mr. Dean’s paper, it is said: — 

“Types of construction — Blinratpur stone slabs: These slabs are 
4 inches thick and 8 to 10 feet long and have been laid on 
the ordinary soil. The clear space between them was 3 feet.” 

I wish to know what the kind of stone used there is, whether it is soft 
sand stone, or gneiss. If we know the lrind of stone used, that would' 
solve the problem to a very great, extent indeed. If the stone is hard and 
is of good wearing quality, then all the buses and motors can go in the 
centre. 


(The speaker explained his point to the Congress by means of a 
diagram on the black board.) 

In Bangalore we have not gneiss and granite and we get splendid 
slabs 8 to 10 feet long, 2 feet wide and 3 to 4 inches in thickness. That 
kind of work has been laid near Bangalore and I find that you can 
travel at 40 miles on that road. I think that kind of surface i« far 
superior to the concrete for various reasons. For bullock carts the stone- 
is too hard and as soon as bullock carts go on to that surface, they 
swerve to the sides and use the portions of the macadam surface. The 
motors can use the centre of the road with slab ways. The damage to- 
the remaining portion of the road surface is thus obviated. 
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About tar I can tell you that I -was very shy about it because the - 
Bandra-Gho'dbnnder road was the first thing that was done in the Bombay 
Presidency with a tar carpet. It was done in two coats. After three or 
four years I wont there again and I was shocked to find that we could 
not drive over the road at all with any speed. The result was that the 
whole tar carpet had to bo ripped open ; and that is why 1 tell you I was 
shy about tar. But I have now seen so much of the work in tar done 
in the Punjab and the North-West Frontier Province. I do not however 
know whether it would stand bullock carts. It is a great problem and 
that is the reason why we want a dual purpose surface. 


I wish to say this much nhout these trackways. I also wish to know 
„tvhnt kind of stone is being used in Bhrratpur and what the experience 
has been. 


Mr. K. G. Mitchell : I think one of the things which this Congress 
may bring about is the standardisation of certain specifications, and con- 
centration on certain definite things which have proved to be good to the 
exclusion of those which have proved to be bad- I was personally respon- 
sible for some of the number of things which you have seen. There are 
certain specifications winch have been introduced recently and in futuro 
years when we give yon a report, nhout these various things it will perhaps 
help that you have seen them and know a little more about them than 
if you had not. 


As regards what Diwnn Bahadur Ayvnngnr said about trackways, 
certain of these had been laid in Blmrntpur State in stone slabs of the 
ordinary hard Agra sandstone. ' 

Diwan Bahadur Ayyangar : It is too soft. 

Mr. K. G. Mitchell: The tracks have been thorp for three or four years 
and I do not think nnv of the slabs have either cracked or worn out badly. 

Diwan Bahadur Ayyangar: How arc they laid? 

Mr. K. G. Mitchell: They have been laid on a bad kutelin road. 
They were used in the first instance for crossing the Bangunga river. 
They were laid on the sandy bed of the river mul they wore taken out 
during tho monsoon when they would have been lost and anyway t-he 
sand is moist and had. Subsequently they were laid in continuation on 
a bad earth road with extremely sandy soil and the traffic such ns it lias 
is entirely concentrated on the tracks which have been of groat value. 

Mr. >S. S. Bhagat : J must congratulate Mr. Dean on the great pains 
he has taken in preparing this pnpor. But I must say that the paper 
as it is written is not very helpful to thoso who have to construct the 
roads as we are not told why the different specifications which wo saw’ 
this morning were tried, — whether they were put down with reference to 
the traffic with which they have to cope or whether they were put. down 
haphazardly as funds permitted. It would also have been very helpful 
if dates had been given when the different specifications were put down 
on tho roads so that we could see how long they have been under actual 
working conditions, because to compare the different surfaces it is always 
essential to know how much traffic there is and how long the different 
specifications will stand up to that traffic. Without these data a com- 
parison cannot be made very easily. 

s 



62 


- Mr. D. Macjarlane: I want to make a remark about one subject to 
which reference has just been made, that is to say, the trackways. We 
were told about the stone setts that were laid, on a Irutcha road. Of 
course they have a very great use in solving the problem of cheap con- 
struction of roads, but I should like to quote my own experience of a 
certain canal bank. in the Punjab. The canal banks, as you may know, 
are most excellently maintained and you can travel at a very high speed. 
But on the Lower Bari Doab canal between Balloki and Benala, the canal 
bank is full of saltpetre and with a view to enabling people to get along 
them they had trackways of brick, each about feet wide. The first 
thing that I noticed about these trackways was a big notice saying, 
“Speed limited to 15 miles an hour.” This rather surprised me but 
I found out the reason in a very short time. I was doing about 25 miles 
an hour and it was excellent going but very shortly afterwards I found 
that I was swaying off the track and my back wheels got into the soft 
dirt on the side of the road and I skidded badly and very nearly landed 
into the canal. That, I could see, was the real reason why we were 
warned not to go beyond 15 miles an hour. A few days before the Roads 
Congress I saw the trackways at Jliaranwala. I tried the same thing 
there with the same result. I think most motorists will find that it is a 
real strain after a short time to keep the wheels of the car on the trackway 
and not to sway. This is not a criticism that I make with a view to 
shewing that trackways should nofc be built, but to show that they 
introduce an element of danger to high speed motor traffic. 

Colonel G. E. Sopwith: There was a remark in Mr. Dean’s paper 
this morning which 1 noticed rather prominently and which Diwan 
Bahadur Ayyangar has dotted the i’s of and also Mr. Modak, 
to the effect that tar painting will not carry heavy traffic and 
specially bullock cart traffic. Most of the delegates have seen 
a considerable proportion of the roads in the Punjab and also in 
the Peshawar district. They would recollect that the traffic between 
Nowshera and Pesbawar is 350 tons per yard width a day upwards, and 
remember that the whole of that with the exception of about 5 miles 
is only tar painting; and I think the condition of the road speaks for 
itself and I am glad to hear that Diwan Bahadur Ayyangar is going to 
try it again. I do not know what tar Diwan Bahadur Ayyangar was 
referring to because all experience goes to prove that it is very "difficult 
to produce road tar from gas works crude tar. 

The only other point that I should like to emphasise is about the tar 
bitumen mixture experiments. The experiments which you saw this 
morning and which have only just been laid down have been done to tbe 
specification and laid under the supervision of the technical staff of 
Messrs. Burmah Shell and Messrs. Shalimar Tar Products jointly. A 3 
they are both as ignorant as any one else of what the result is going 
to be and whether the mixture is going to prove an advantage over the 
straight product it will probably take a very considerable time before 
they will be able to pass any judgment on it. As regards the tar-bitumuls 
mixture experiments, prior knowledge of this was not possessed by the 
company which I represent and we did not therefore advise on that. * This 
is in no way a criticism of the specification or the method by which it 
was laid. 

Chairman : I will now call upon Mr. Dean to reply to the points raised. 
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Mr. A. W. H. Dean (the Avthor ) : Mr. Chairman and gentlemen, before 
dealing with the points that have been raised just now I have a note 
which was sent in by Mr. Hunter (U. P.) with regard to some of the 
points which have been raised in the note and in the verbal introduction, 
which I will read out first. He says: — 

“The author stales that on the length of road from Lothian Bridge 
to Delhi Gate, T. E. A. paint lasted for five years, and, 
n little Jater on, states that bullock cart traffic was too much 
for some of the six lakhs of square feet of such a surface 
that now exists, Am I to understand that the road first 
referred to, as lasting five years, is not subject to this kind 
of traffic?” 

Actually that is the case. There is a side road for most of the length 
•of that road to which bullock carts arc confined, and for the remainder, 
■bullock cart traffic is very light. 


I am asked further: — 

Is Mr. Dean in a position to give a figure indicating the weight 
of bullock cart traffic, per foot width ,o£ rood, that ho considers 
a bitumen treated surface should be able to stand up to 
1 satisfactorily? In answering this question I would like him 

to allow for the fact that, on some wide roads, the mean 
intensity does not represent that on the actual portion 
used by the bullock carts.” 

I have not any very definite figures to gi vc - In an y case the figures 
rthat we are working out, as is I believo the usual practice, are based 
•on the per yard width of the road end to take into consideration the 
•whole width of the road available. It is, I think, obvious that if you 
start to take only the track on which you say bullock carts travel, you 
can take any figure to represent almost any traffic load you like. I can 
-quite imagine people reducing it to the width of tho tread for instance. 
We must take the full width of the road available, and my experience 
'is that unless wc have some definite hold on the traffic, they tend to 
wander extensively over tho whole of the road that is available for t iem. 
The figures as to traffic census which is in progress will bo available, 
I hope, in about six months’ time in the form of a papor probably 
.published in “Indian Hoods”. • 

•Then the point that has been raised by, not one, but by three or 
four, is this: — 


it 


It is 


stated that surface painting with tar ha 5 boon found suitable 
for light traffic only. Was the tar allowed, to become brittle 
.or was it kept olive by repeated applications?” 


Mv point was not essentially that it was surface painting with 
•far only that was found suitable for light- traffic, but that any surface 

E 2 
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painting was suitable for comparatively light traffic only. The point is- 
this: you have to consider the economic rate of renewal. In the Punjab* 
we have seen roads carrying fairly heavy traffic — although lighter than 
that on many Delhi roads which we have actually censussed — and the 
renewal period is every year or eighteen months. What we are looting 
for, for that type of traffic, is something that would last for something 
like three or four years at an increasing cost that is not going to exceed 
the cost of more frequent renewals with a cheaper material with the 
advantage of not having to interrupt traffic so frequently every year 
for renewals. 

The last point that lia® been raised is this : 

"Can the author give us any idea of the relative satisfaction obtained' 
from the various surfaces he has described?'’ 

The point made by Mr. Brebner in introducing the paper, that, 
most of the surfaces described are new surfaces explains why we cannot 
give you any figures of their economic life that are of any use at all. 
Mr. It. G. Mitchell has really replied to Mr. Brebner ’s criticism of tlie- 
description and exhibition of new classes of surfaces. The point is that, 
we wanted to show the latest and most up-to-date specifications; and 
actually those have only just been brought out and put into practice. 
It is the intention to get out a report on these and it is intended to give- 
with that report details of traffic and maintenance that they had required. 
It was not intended to run them to destruction but to keep them up, 
judging by the expenditure necessary on maintenance the relative amount 
of wear that they have suffered. 

With that, I think it would he very suitable to include some notes 
on the local climate. That is a factor that has been completely omitted ; 
although one realise® that climate does come into the picture and the 
difficulties experienced in practice in some seasons of the year and tbo- 
ehanges which one has to make when one is doing work in certain seasons 
as against, other seasons. A comparison of climates over various provinces 
of India had not entered my mind when I was writing the paper. 

Then, the question of mentioning failures was also brought up. We 
have mentioned failures to some extent; but there is a very serious diffi- 
culty in mentioning failures- and that is that the reason for the failure 
is not always very clear, nnd when it is clear sometimes, it i s possible 
the reason is local or climatic or something of that sort. A length of 
road may be laid after heavy rain and give rather different results or 
in the very hottest weather in May; 0 r there may be a slight discrepancy 
in following the specification laid down, particularly when supervision is 
not so easy; and tilings of that sort give rise to what appear to be com- 
parative failures, and it is not always possible to determine that I think 
merely to mention that a certain material was used or that a certain 
specification wa s followed Mid not found satisfactory without attempting 
to analyse the reasons for it would not be fair or reasonable. " 

Wo have been asked by several people the amount of satisfaction- 
we have obtained from various surfaces. It seems to me that life in 
relation to cost is the criterion of usefulness. I am not going to lav- 
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down anything that is to be taken as a considered opinion of the Central 
Public Works ^Department. But I think you can classify our surfaces 
into three grades as being useful for light, medium heavy and very heavy 
traffic. For the first I think painting — according to a specification which 
"we have put down but have not yet a final report on — with a high 
penetration tar followed by bitumen afte.r two months, is satisfactory 
with traffic running up to perhaps 200 tons per yard per 24 hours. When 
I say that I do not mean it to be understood as bullock cart traffic, but 
general traffic: if it was bullock cart traffic alone, it would have to be 
•divided roughtly by three or four to get the equivalent rate. Then we 
■come to the pre-mixed carpet. Hera I may say that I agree definitely 
that the grouting and water bound mixing are not so scientific and in- 
•effect not so satisfactory as a pre-mixed carpet. You cannot control the 
proportions nearly as well and you get patchy appearances which nearly 
always mean patchy wear and an unsatisfactory road. It will probably 
•carry up to about 800 -tons per yard if you have a satisfactory pre-mixed 
carpet of bituminous concrete and in that I think a very definite grading 
of your aggregate, the maximum* size of which should be less than the 
thickness of the carpet, graded down to sand, i,s a better bituminous 
■carpet than one using approximately one size of aggregate and not so 
completely graded. For still greater intensities of traffic a 7-5-7 cement 
concrete road will cany, as far as we can see, the heaviest traffic both 
ibullock cart and motor. 

Diwan Bahadur Ayyangar has made a point about dual purpose roads, 
All our roadg are' likely to be so except a certain number in cantonments 
-and civil stations where we can keep the bullock cart off; and there the 
pointed surface seems to be giving entire satisfaction. He also mentioned 
7 to 10 years life and was rather critical of materials which had failed- 
to stand up to that . . . 

Diwan Bahadur N. N. Ayyangar-. It will be more than ten years. 
‘Ten years is the experience; 1 think it will Be more, certainly. 

Mr. A. TP. H. Dean (the Author ): We hare not yet found anything 
that would give the roads in Delhi a life of ten years, unattended. As 
regards the Bharatpur stone and the question of trackways, speaking 
subject to correction, I think the theory was that bullock cart traffic 
would use the trackways and motor cars would use the earth road .... 

Diwan Bahadur N. N. Ayyangar: Our conditions are opposite. 

Mr. A. W. H. Dean (the Author): Mr. Bhagat wanted to know the 
reasons for deciding in favour of the various surfaces we put down. They 
were selected according to our judgment of the necessities of traffic and 
as funds permitted and that I think is all we can say : we have not yet 
actually completed a census so we had very little to guide us in assessing 
the exact traffic load coming on to the roads; but it is in progress now and 
will help us materially. The paper has also been criticised for not having 
•given the dates the various types of surfaces were put down. As far as 
I remember the year and month of laying down the surfaces have been 
given. ; 
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Mr. Macfarlane’s remarks on speed on trackways is covered by ray 
reply : our desire is to get bullock cart on the trackway and the motor care 
on the earth road. 

i 

I have already covered Colonel Sopwith’s observations in my remarks 
about tar painting. My personal experience is that no paint will carry 
heavy mixed traffic at an economic rate of renewal. I cannot really feel 
that painting every twelve months is really as satisfactory ns p.utting down 
a better class of surface which would give a longer life. I quite admit that 
we h are not a great deal to go on now; but the mere interruption to traffic 
entailed by painting must be a source of inconvenience if it extends over 
several thousand miles of surfaced road in a province every year or 
eighteen months. 

Colonel G. E. Sopicith : May I say that I have particularly mentioned 
the Peshawar district because there we paint every two or three years and' 
we hope yet to persuade the Punjab to adopt the same principle : I am sure 
then that their costs will go down. 

Mr. A. TF. II. Dean ( the Author): There is one other thing: it has bcen> 
pointed out that in the paper I gave, under the head of Trinimac (page 27) 
it is stated that five pounds of asphalt cement per cubic foot of stone 
aggregate was used for the first course and a similar quantity for tlio second 
course. Actually the rate was 4'8 pounds in the first course and G‘8 pounds 
in the second — a rather material difference which I am afraid was not before 
me when the paper went to press. 

The Chairman then proposed a vote of thanks to Mr. Dean, which was 
carried with acclamation. 


The following information was supplied by Mr. A. W. H. Dean (the- 

Author) and circulated to members of the Indian Eoads Congress : 

DELHI. 

Rates far Materials [per 100 c f. at <himp). 


l$-ineh Quartzite Bond metal 
Badarpur sand 
3 inch Quartzite Ballast . 

| inch atone grit , 


Up to $ mile . 


Cost of Carti 


ng [per 100 c. ft.). 


1 mile 

H “i 10 

2 miles 

3 miles . 

Eor each additional mile add Re. 1 per 100 c.ft. 


Rs as. r. 
COO 
8 S 0 
lo 0 0 
18 0 0’ 

2 8 0 - 

3 0 0 

3 8 O' 

4 8ff 

5 8 0> 
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Hates for o'.her Materials [per ten F.O.JR. Delhi.] 


Colado emulsified, hi turn on 






Rs. 

150 

AS. 

0 

P. 

0 

Colfix .... 

• 





150 

0 

0 

Bitumuls HX, \VX and FX 

» 




• 

ICO 

0 

0 

Bitumuls HRM and XRM 

• 




• 

164 

0 

0 

So cony Emulsion No, 0 . 

• 





175 

0 

0 

tf tt No. 3 • 





• 

150 

0 

0 

Colas .... 

• 


• 


• 

150 

0 

0 

Socony Asphalt grade 101 

• 


• 


• 

133 

0 

0 

„ ,< ,» 105 

• 


• 


• 

133 

0 

0 

Spramex (80 — 100) 

• 




• 

133 

0 

0 

Mexphalto 





1 

133 

0 

0 

Shelmao . . . 





• 

133 

0 

0 

Bond oil F. 70 . 

• 




• 

133 

0 

0 

Bond Tar No. 1 



• 



120 

0 

0 

tt st No. 2 . • 

• 


t 



HO 

0 

0 

Slialimar Tar No. 2 . 

• 


• 


t 

117 

0 

0 

Bengal Chemical Tar No. 2 

• 


• 



115 

8 

0 

Boad Tar No. 3 Slialimar 

• 


• 


fl 

117 

0 

0 

Bengal Chemical Tar No. 3 

• 


• 


• 

no 

8 

0 

Cement .... 

• 


• 



40 

8 

0 


Chairman : I will now ask Colonel Wakely to introduce his Paper. I 
am not aware whether he wishes to make additional remarks, but if he 
wants to do so, he may do so now. 

The following paper was then submitted for discussion: — 
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( Paper No. J.) 

Earth Road Development and Stabilisation with Gravel * 

% 

Lieut. -Colonel /J. T’. T. II nicely, D.fi.O., .l/.C., It.l i. 

1. Earth Bond Dnedopment Schancs.—A. fully metalled and surface treated 
road is tho ideal construction for all main roads in India. There are ninny 
reasons why it is not possiblo to construct to this specification or to any otlior 
high class specification all roads that arc required by the country generally. 
The chief reasons nro financial, on account of the high capital cost of construction 
and tho high maintenance charges for pukka roads. 


2. Consequently by far the greatest, milongo in India of any typo of road 
is what is known as an earth road. This typo has several great advantages— 


(t) Low initial cost. 

(ti) Low maintenance cost. 

(iii) Tlioy nro good enough for ordinary country traffic. 

3. Earth roads ns constructed in most places in India have many serious 
disadvantages — 

(i) They receive little attention in tho mnttcr of maintenance, and con- 
sequently nro allowed to foil into disropair. 

(ti) They nro usually oxtremoly badly built in the first instance, and on 
this account tlioy arc particularly linbloto flood damage. 

(iii) Tlioy are usually insufficiently provided with culverts and bridges. 

(tv) They arc not always constructed on the alignment best suited to 
servo tho District through which they run. 

4. Any scheme for earth road development, if it is undertaken at nil. 
should bo carefully designed so that the best use is made of tho advantages of 
earth roads, and so that tho disadvantages of them nre reduced to the minimum 
or eliminated altogether. Earth roads are not, and never will be, as good ns 
fully metalled roads, but there are imnienso possibilities in properly and care- 
fully thought out schemes for their development. Tho main objoct of those 

* Colonel Wnkely’p Paper originally contained two part?: (a) on earth rood and 
(6) on Clio Blnliilifnlion of earth roads with parol. Tho Inti or subject is however fully 
dealt with in his larger paper, “Rond Construction and Maintenance in India” (Engineer- 
in-Chief's Technical Paper No. 10). Part (o) only of this paper is being printed but should 
bo rend with tho notes on tho other in tho larger paper. Tho section in the larger paper 
dealing with ‘‘Gravel Ronds" is reproduced at tho olid of paper No, 4. Both parts will bo 
introduced by Colonel YVaboly and bo open for discussion. 
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_roads is to act as leaders both, to the railways and to the main roads. Their 
function is to carry agricultural produce to railheads and markets quickly 
•efficiently, and without undue hardship to pack and draught animals, and with- 
out damage and delay to mechanical transport. 

B. The first thing to consider in making out any earth road development 
scliemo is to find out what produce and what traffic each road is likely to carry 
when constructed. Each particular road, whether it he the reconstruction 
of an old road or the construction of a now road on a new alignment, should 
-show a definite saving in transport costs on the existing arrangements. If 
such a saving cannot ho shown the inclusion of the work in a road development 
scheme is not justified. These savings accrue in three ways : — 

(i) By reducing the distance from the source to markets or railheads. 

(«) By eliminating delay to traffic by the provision of proper bridges, 
(in) By improving tho surface so that wheeled transport can he used. 

G. The usual rate for pack transport on an unmetalled unbridged road 
;is 6 pics per rnnund por mile, while for wheeled transport on an improved and 
bridged unmetalled road it is 3 pies per raaund por mile. By improving and 
bridging it is -therefore possiblo to effect a 50 per cent, saving in transport 
•charges. Within this limit various degrees of saving can be effected by treat- 
ing tho road .in different ways. 

7. It is usually possiblo to justify the improvement of any path into a 
,Toad undor one or other of tho above hoads, but in these days of financial 
■stringency a very good case must he mndc out for the inclusion of any project 
■in a scheme of earth road development. The intensity of the traffic can 
normally bo taken ns the guiding principle. It is suggested that the absolute 
minimum for which a road should he built or improved is 100 vehicles por day. 
"The greater the traffic on any road tho moro justification is there for its inclu- 
•ftion in the scheme. It will probably pay to metal any road that carries over 
BOO vehicles a day. Tho earth road therefore finds its limits between 100 and 
■BOO vehicles per day. The great importance of oartli road development in 
India will ho realised from tho fact that about 00 per cent, of the total road 
.mileage in India carries traffic between those limits. In any road scheme 
it is a question of rendering the greatest service to tho greatest number of 
people at tho least cost, and it is suggested that it is moro important for the 
good of the country generally to develop those subsidiary feeder roads in a 
proper manner than to spend large sums on ambitious and luxurious main 
Joad schemes. 

8. To turn now to tho disadvantage of earth roads in tho matter of bridges 
.noted above. Tho thing that stops wheeled transport being used at all on 
an earth road in an irrigated area is tho fact that there are numerous unbridgod 
streams and irrigation channels to he crossed. This limits traffic to pack 
animals and raises the cost of transporting produce to market. Pukka bridges 
•should bo provided over all perennial streams and culverts for all irrigation 
•channels. Causeways will do for nullahs liablo to flood, since floods are of 
•only a few hours’ duration and that amount of delay to traffic is of no conse- 
>quenco. What is of consequence is that, if there is no causeway, the flood 



70 


tears up the road and several days work is necessary before wheeled traffic 
can cross at all. With many such places in a District maintenance costs run* 
high, and it is not possible quickly to restore communication immediately after 
the flood. 

9. Estimates and Specifications for Earth Boad Schemes . — In any earth 
road development scheme it is suggested that the provision of pukka bridges 
should be one of the first considerations, and that every unmetalled road that 
justifies improvement on account of its situation and traffic should ipso facto- 
be either fully bridged or sufficiently bridged that traffic will only be delayed 
for a few hours during actual floods. It would be wearisome to detail all the 
instances and the causes thereof where bad construction in the past has render- 
ed many unmetalled roads practically useless for the purpose for* which they 
were built. Apart from the question of bridges, the causes fall under three 
main heads : (i) Width, (ii) Grade and (in) Drainage. If these three items are- 
properly attended to during construction the road, no matter what the surface 
may be, will be a good road. If economy is attempted on these three items the 
road will be a bad one, and null remain bad. It will also be a costly road to 
maintain. 

10. First as regards width, the minimum should be 20 feet clear between 
ditch, and 30 feet should be given wherever possible. On a narrower road 
than this bullock carts find difficulty in passing and slide off the surface into- 
the ditch. On a narrow road also traffic tends to track in the centre, forming 
ruts. On a wide road traffic distributes itself and uses the whole width and 
the evil of tracking is largely eliminated. 

11. A steeper grade than 1 in 15 is too much for bullocks even for very- 
short distances. It is better to aim at 1 in 20. Particular attention should, 
be paid to the approaches to and exits from nullahs, and these should not be 
too steep. It is a mistake to suppose that short steep grades are allowable 
because modern lorries and cars can negotiate them with ease. It is the 
bullock cart that should be considered. 

_ 12. Many failures in road construction work are due to the lack of propel" 
drainage of the subgrade. The only difference in the effect of poor drainage 
with different road surface types is a delayed action upon the high type sur- 
faces. On earth or gravel roads bad drainage is immediately apparent, while 
on a premix tar or asphalt macadam type the effect is delayed, but in the end 
it achieves the destruction of the road. The rapid effect of bad drainage often 
creates the impression that an expensive type of road is necessary. Careful 
attention to the drainage in such cases would save large sums of money. The 
provision of good drainage is cheap, except in solid rock, and good drainage 
with an inferior surface would be adequate, for many roads in India the main- 
tenance of which at a high standard is quite unjustified. 

13. The first essential, therefore, in preparing a subgrade is to ensure ade- 
quate drainage from one end of the road to the other. A subgrade is not 
properly drained until it has been made impossible for any rain water to re- 
main upon it, and impossible for any surface or irrigation water to flow on to 
it unless it is desirable to be able to flood the berms in order to increase the 
moisture content. It should also be made impossible for any water to remain 
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stagnant' in the road side drains and gain admission to the road surface by- 
capillary attraction. The water must be given a means of getting away to 
the natural dra range of the country. In order to do this it is necessary to grade 
the drains so ns to ensure that there is sufficient fall in the drain. Asa general 
rule a minimum slope of 1 in 100 should be given. Culverts or scuppers must 
be provided to allow the water to pass from the uphill side of the road with- 
out flowing across the road. 

14. The number of cross culverts varies with the rainfall and the gradient*. 
The principle is that surface water should be taken away from the road surface 
and road side before it lias time to saturat e the subgrade from the side drains. 
A fair average distance apart from culverts is about 400 feet or an average of 
twelve culverts or so per mile. While the foregoing is true for normal sub- 
grades tho moisture content in the soil should not be forgotten. Cases may 
occur whore, in order to maintain the moisture content in the soil by capill- 
ary attraction it is advisable actually to arrange for water to remain in tbe 
side drains. Soils with a great excess of sand would be an example. 

lo. The object of good drainage is so to arrange matters that the moisture 
content of the soil will undergo as little change as possible and will remain 
fairly constant in dry weather till a fresh supply of water renews it. The 
subgrade must never be allowed to get saturated. In India many roads are 
constructed without any regard to the final roadway level. If the final level 
is set two to four feet above the surrounding country and the fill obtnined from 
wide ditches on cither side a lowering of the ground water level in respect 
, of the roadway level will result. It also permits the run-off of heavy rainfall 
without injury to the road surface. The result is a st able condition of the 
subgrade or surface. Such surfaces appear to be of an entirely different material 
from that in the fields alongside the rond. (Sea Figs. 1 and 2 at the end of 
this paper). 

r 

1C. Another most import ant point in regard to good drainage is to ensure- 
that the flow of water in the drain is not obstructed. An obstruction may be- 
caused by n projecting rock in the drain, by a tree or by zamindars filling in the 
drain to give access to their fields from the road. In the latter ease lcatcha- 
bridges should he provided, or if there is a side lane a proper culvert should he 
built. A frequent source of obstruction is an irrigation drain running at right 
angles to the road side drain at a higher level. These must be provided with 
pipes or culverts. (See Figs. 3 and 4). 

17. In road construction in India in the past it lias frequently been the 
case that funds for construction have been limited. Savings have been made 
by omitting culverts and small bridges, or in other words by taking a chance m. 
the matter of the proper drainage of the rond. This lias in many cases le a 
legacy behind which is refleoted in excessively high maintenance charges es- 
pecially for hill roads and roads that arc subject to floods and spates. 

18. It has been found in actual praotloe that very great savings can be 
made in maintenance oharges if improvements in the drainage of the road are- 
carried out systematically and thoroughly. Eaoh road must ha considered om 
its merits and a detailed reconnaissance should be made under flood condi ions 
to find opt exactly how and where drainage is deficient. New an arge 
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‘culverts, more small bridges, c&tob water drains, cutting back ground liable to 
'/land slides and the provision of retaining walk are some of the methods by 
which maintenance charges can be greatly reduced. 

19. The above three items, width, grade and drainage together with the 
provision for bridges constitute the main items on which the estimates for earth 
roads should be based. If a certain sum of money only is available it is far 
better to reduce the mileage of earth roads to be constructed or improved and to 
provide properly for the above four items than to cut down on these with the 
object of increasing the mileage and including additional roads in the scheme. 

• 20. Preparation of the Subgrade of an Earth Road . — Coming now to the 
preliminary preparation for actual construction, the proper consideration of the 
subgrade is of vital importance. In India generally there are four different 
kinds of subgrade. There are many variations and combinations of these, and 
many special kinds, such as kankar and moomm, but broadly speaking the 
. following four categories will cover all : — 

(i) Clay, 

(it) Sand or Silt, 

(in) Gravel on rock, 

(iv) Shaley gravel. 

For an earth road the subgrades that will normally be met with are clay, 
-.sand and silt. 

• i. ® e ^ ore P re P ar ing the subgrado it is essential to know what sort of soil 
is being dealt with, and for this purpose a soil analysis should be made. There 
■ are numerous and complicated laboratory tests which can be carried out on 
sods, but in India it is neoessary to send samples of the soils to laboratories 
- which are probably many hundreds of miles from the site of the work. This 
means delay, wh ch cannot always be afforded. It will, however, usually be 
■sufficient to make certain field tests to determine the suitability of the soil for 
road making purposes and to decide what treatment is required to make the soil 
-suitable if it is not so naturally. These tests are described below. 

22. The definition of the three materials which compose most soils 
•.are : — 


Sand. Consisting of particles larger than -05 m.m. in diameter and 
which will pass through a £ inch sieve. 

Silt. Consisting of partioles not larger than -05 m.m. in diameter and 
not less than *005 m.m. in diameter. 

Clay. Consisting of particles less than -005 m.m. in diameter. 

If these materials are present in the subgrade in the proper proportions 
■ their -properties of internal friction, capillary attraction and cohesion react on 
•each other in such a way that the subgrade is stabilised, i.e., it does hot break 
mp easily under traffic nor form mud in wet weather, nor dust in dry weather 
•except in a minor degree. 
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• 28. In order to determine whether materials are present in any soil in the- 
oorrect proportions it is necessary to — 

(1) find out the proportions of each material in the soil, 

(2) find out whether the parfcular material in the soil possesses the- 

properties required of it. 

For instance, a road soil that is 95% sand will not cohere, and a clay that . 
does not possess the property of cohesion is useless as a road material and will 
do nothing hut make dust. 

24. There are four field tests which should be carried out to determine ■ 
(1) and (2) above : — 

Test I. To find out the proportion of sand in the soil.— Take a sample 
of the soil (dry) and weigh it to any weight that is a multiple of 
ten, c.rj., 300 grs. or 10 tolas. Put it in a glass and fill with water. 
Agitate it and pour off the clay. Do thiB several times until 
nothing but sand remains in the glass. Dry th? sand and weigh 
it. The result will give the percentage of sand in the soil. The 
remainder is cla)' and silt. 

Test II. To determine the proportion of clan and silt. — To do this 
accurate^ is a laboratory test unsuitable for use in the field. 
For practical purposes it is not necessary to determine the exact . 
proportions. A very good estimate can, however, be obtained by 
two methods : — 

(1) Observing the colour of the sample. 

(2) Noting tbs settling properties of the samples. 

Silt is generally darker in colour than clay and a sample that 
contains too high a percentage of silt will not have the characteris- 
tic brown colour of clay. Silt settles more rapidly than 
clay. If the sample is put into a glass and mixed with water and 
allowed to settle the clay will remain muddy while the silt will ■ 
settle within a few seconds. A sample that clears very quickly • 
has too much silt, ana some clay should be added to it. 

Test III. To test the suitability of sand. — Place a sample of the sand in 
a vessel containing water and agitate the water until tbe sand is . 
thoroughly in suspension. Then when the sand has been allowed 
to settle pour off the water slowly. If of good quality, the sand 
null not he carried out with the water, but will remain in the - 
vessel until practically all the water has been drained off. A bad 
quality saud will not meet this test, and is not suitable for use on . 
roads. 

Test IV. To determine the quality of various clays by the slaking test . — ■ 
Make up several balls of tbe same size of, the different olays, and! 
dry them out. 
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Place them in water so that they are covered entirely. The halls 
whioh hold their shape longest after being placed in the water - 
have the highest resistance to slaking, and that clay is to be 
preferred for use in the road. It is important in this test that, 
if various clays are being compared, the proportion of sand in eaoh 
sample be the same. It should not exceed about 25 per cent. 

' Therefore if under Test I the proportion of sand is higher than 25 per cent, 
the sand should be removed before doing the slaking test. This 
can be done by washing out the sand from the sample. If the 
clay is of the slaking variety, i.e., if the balls disintegrate almost 
as soon as they are put in the water the clay is a bad one, and 
should not be used on the road. Samples that contain too much 
silt will not show good non-slaking qualities they will break up 
at once in the water. Clay requires to be added to such 
samples.- 

25. Having thus discovered the proportions and properties of the various 
materials in the existing soil, similar tests should be carried out for any materials 
locally available that can easily be brought to the road and used on it. Besides 
-sand or clay various aggregates may be available. These should be screened 
to find out their composition. It will later on be of great value to know the 
-composition of any aggregate that may be used. The tests for this are very 
■simple, and consist merely in finding out what percentage of the aggregate 
passes through the various sieves and screens. A sieve has square apertures and 
the mesh of the sieve is indicated by the number of divisions per inch length, 
i.e., a 10 mesh sieve has 10 divisions per inch or 100 openings per square inch. 

A 200 mesh sieve will only pass dust through it. A screen is described by the 
•diameter of the circular openings. Small sieves about 3 inches or 4 inches in 
-diameter of the various sizes should be carried when field reconnaissance is 
being done. These are quite good enough for rapid field reconnaissance. 

26. The next step is to decide whether any special treatment of the sub- 
• grade is necessary. Gravel and good clay subgradcs will require no special 
treatment, but if the soil analysis indicates the presence of other materials in 
the wrong proportions, it is probable that treatment is required and it must be 
'given. The best proportions of the materials for an earth road are : — 

Sand . — 70 to 85 per cent. 

Silt . — 10 to 20 per cent. 

Clay . — 5 to 10 per cent. 

It will usually be sufficient to consider silt and clay together without 
separating them, and a soil that contains 70 percent, sand and 30 per cent, silt 
- and clay would be a very good one, provided that the silt is not too much. This . 
-can be observed from the colour test and the slaking test. 

27. If an old road is being reconditioned the depth of the existing surface 
^should he ascertained. If a new road is being made it should be decided what 
-depth of treatment should be given according to probable traffic conditions. 

Normally 8 inches depth should be aimed at, but if time and money are short 
-4 inches will do, or even 2 inches. Knowing the thickness and knowing the 
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•proportions' of the materials present in the soiJ it is easy to calculate what the 
.correct thickness of sand and clay should be. If the proportion on test on an 
old road being reconditioned was: — 

Sand.— 33 per cent. 

Clay. — 66 per cent. 

and if there had been heavy traffic there would probably be 1 foot of dust on ‘ 
the roadL An estimate should be made of the thickness to wliich this would 
■consolidate. It would probably be 3 inches, which means that in the old road 
there was 2 inches of clay and 1 inch of sand. The proportion required is— 

Sand. — 75 per cent. 

Clay. — 25 per cent. 

By adding 5 inches of sand a proportion of 6 inches of sand and 2 inches of clay 
is obtained. This is the correct proportion. Supposing that it was fouud that 
the proportion of sand in the road was 90 per cent, then clay would be added, to 
reduce the proportion of sand. It is desirable, but not essential, that what- 
ever is added should be mixed thoroughly with the existing road soil and not 
.merely laid on. Water should be used to consolidate the mix. 

28. The following are some mistakes usually made in reconditioning or 
making an earth road : — 

(1) Brushing off the. dual, before spreading anything on the road. — This is a 
mistake, because the dust, or in other words the clay, may be 
under Test IV found t-o bo very good non-slaking clay. If it is 
slaking clay it is correct, to brush it off. 

<(2) Using large shingle. — This is n mistake because, owing to tlic prc« 
portions of the road soil shingle of la ice size will never bind. If 
the shingle is graded to proper proportions it would be correct to 
use shingle. 

(3) Butting clay on the road for filling ruts. — This is a mistake as the ruts 

form because there is too much clay. Sand should be added. 
But if oil test a deficiency of clay is shown it would be correct to 
put clay on the road. 

(4) Using lad sand. — Only sand that passes Test III should be used. 

29, The earth work on an earth road may be done by hand, hut it is much 
■quicker and more efficient to do it with a road grader set. The grader crew 
with its full equipment moves along the road as constructed and camps at 
suitable sites eu route, The whole work on the road, whether it is recondition- 
ing a new one should bo under the Sub-Divisional' Officer with an Overseer in 
charge of all work. The Overseer will ‘control both the manual labour work 

bridge construction work and the work of the grader crew. It is unsound 
to make the Mistri in charge of grader work control any other manual labour. 
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30. Whether machinery is used or not there are certain, items of work that'- 
must be done by manual labour, and they are as follows : — 

(i) Repairing or constructing bridges, culverts, causeways, etc., andi 
improving the approaches to them. 

(0) Filling all places liable to flood and where big holes and depressions, 
occur. 

) Blanketing with good earth or sand all stretches containing unsuitable 
soil. 

(d) Removing jungle and other obstructions. 

(e) Providing milestones, etc. 

31. The essential difference between work done by machinery and manual’ 
labour lies in cambering and improving the surface, the latter involves obtain- 
ing earth from borrow pits whilst the former does not, and therein lies the 
main source of saving. 


Functions of the different machines. 

A road grader set consists of the following machinery : — 

1 35 H. P. Diesel or Petrol Tractor. 

1 Leaning Wheel Road Grader. 

1 Revolving Scraper. 

1 Scarifier. 

1 Drag Broom. 

1 Lorry and Trailer or 2 Lorries are attached for administrative pur- 
poses. 

The machines are separate units. The power unit can be attached to any 
one of the others and works it separately. This set can do the following 
work : — 

(i) Road formation including digging out ditches and dressing the 
surface to a proper finish. 

(«) Filling dips, filling approaches to bridges and culverts and raising 
low lying portions of the road. 

(Hi) Cutting mounds of earth, scraping off bumps and easing gradients. 

In ordinary soil where there are no obstacles or where such obstacles as 
trees have been removed the Road Grader will do about 20,000 cubic feet of 
earth per day. The efficiency ratio, or the ratio between the cost of the same 
work by hand labour and the cost by machine has worked out in practice at 
1*5G with a petrol tractor. With a Diesel tractor the same ratio would be 
about 2*0. 

32. Where there are obstructions to the work of the grader such as roots 
of trees, .large bumps of grass or larger holes and depressions the rate of prooress 
is greatly reduced, and consequently the efficiency ratio. Generally Bpeaking 



77 . 

the work of one grader set is equivalent to that of 220 men. It should he noted 
that the loss of one hour’s work of the grader means a loss of about Rs. 7 at 
least. It therefore pays to organise the work so that the mach ine is never 
idle. 

33. The revolving scraper is used for filling work on the approaches to 
bridges and culverts and for deep dips and depressions. Where earth can be 
obtained within 25 yards of the site its use is economical. The efficiency ratio 
works out at 1*21. Where earth has to be obtained from a distance greater 
than 25 yards the use of the scraper is uneconomical, and it is cheaper to do the 
work by hand labour. Nevertheless the work will be done more expeditiously 
by using the scraper. 

The scarifier is seldom required on earth subgrades, but is very useful if 
hard gravel or conglomerate is encountered. 

34. The success and the economical use of the road grader set depends on 
the following factors: — 

(i) Type of work, viz., cutting, filling, road formation. 

(ii) Nature of soil. 

(m) Existence of any obstructions to the work of the machines. 

(iv) Efficiency of workmen and crews. 

(«) Organisation of the gangs assisting the plant. 

( vi ) Supervision. 

35. The first three items have already been noted upon, but it cannot be 
too strongly emphasized that the clearer run and the longer stretches of clear 
run that can be given to the machines the more efficient will be their work. 
Consequently organization of the gangs plays a greatly enhanced part in the 
financial result of the operations. The following gangs have been found most 
suitable : — 

(a) Crew — 

■ 1 Mistri. 

1 Tractor Driver. 

1 Grader Driver. 

1 Cleaner. 

2 Chowkidars, 

The two ’drivers should be interchangeable, as the tractor driving is very hard 
work, and it is definitely of advantage if both men understand both machines. 

(b) Gang No. 1 (4 Coolies). — This gang should be permanently with the set • 
One cooly helps the grader man with adjustments. The Mistri in charge should 
train these coolies in odd jobs, e.g., operating the traversing gear of the grader, 
fixing and unfixing the street plates of the tractor when the machines have to 
march to another camp, and operating the string of the revolving scraper, etc, 
Trained coolies render very valuable assistance in extricating the machines in a 
trained and skilful manner, when the latter get stuck in boggy ground. While 
the machines are at work, these coolies should clear the ditches and remove 
bumps of grass that get mixed up with excavated earth. 


F 
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tc) Gang Iso. 2 — This is a temporary gang of 4 coolies working in advance 
of the machines. Their duty is removing stumps of trees and roots, clearing 
hushes filling in large holes where tree stumps have been extracted and generally ' 
preparing the road in advance of the machinery so that the latter will have a 
clear run. This gang may be increased up to 20 men according to the amount 
-of work involved. 

36. The cost per mile of grader work will vary according to the nature of 
the soil and the amount of obstructions encountered by the machines. On a 
straight open road the rate is Es. 240 per mile for the road formation, but' it 
may be increased to Es. 450 per mile under adverse circumstances. In estimat- 
ing for the construction of a road the rate should be determined carefully for 
each particular road and each individual mile of the road, after a thorough 
examination of the conditions affecting the rate as noted above. 

37. Generally speaking all earth roads have not only lost their camber, 
but the centre is very much lower than the sides through years of neglect. There 
is no outlet for the water, which soaks into and softens the soil, the surface is 
therefore readily spoiled even by the lightest traffic. It is not difficult to visua- 
lise what a road surface is like when cattle have walked over it while in a sodden 
state. The first object of road grading is, therefore, to restore the camber. 
Where the rainfall is light and most months of the year are dry, excessive earth 
filling may take a year or more to settle, and in the interval of settling the road 
is a quagmire in the rains and very dusty in dry weather. Past experience 
shows that the best results can be obtained with the minimum inconvenience to 
traffic by making two separate gradings at an interval of two months between 
each allowing traffic to consolidate each layer. Excellent results are obtained 
if the two gradings are done just before and during the rains. A third grading 
should be done with the Auto-Patrol. 


38. Before grading operations commence the exact alig nm ent should have 
been decided and marked out. It is much more economical if the grader crew 
can have a clear run for the machines. They should not deal with any stretch 
less than a mile in length. All obstructions, such as trees, should be removed 
before the grader is put on the road. Culverts and bridges should be completed 
before the grader starts, if it is possible to arrange the work accordingly. The 
first round of the grader should aim at completing the first layer of the road 
surfacp. If the road surface has to be raised more than 18 inches any fill above 
that height should he left for the second round and a third round given later. 
The first round usually requires eight or nine runs of the grader, or even up to 
twelve depending on the nature of the soil. 


39. The finished road should present a hard compacted surface with suffi- 
cient camber to allow any rain falling upon it to drain rapidly to the side. 
The amount of camber wdl depend upon the nature of the soil. Generally 
speaking, light sandy sods which drain quickly can be left with less camber 
than heavy clays which retain the water and become muddy and rutted unless 
well drained The camber should not be greater than drainage requirements 
demand— ordinarily, the slope from the centre to the side of the road should 
be about half an inch per foot. Provision of camber is tbe final step in the 
grader-built road. The ditches alongside the road should have ample capacity 
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'"to carry ofl tlie surface water. They should he deep enough and wide enough 
to provide proper drainage, should have sufficient longitudinal slope to keep the 

- water moving, but not so great a slope that the speed of movement of the water 
will he likely to erode the banks and damage the roadway. The side ditches 

- should have outlets into the natural water courses at as frequent intervals 
as possible. 

40. Wherever possible, there should be a very gradual slope from the road- 
'way to the bottom of the ‘ditch. This accomplishes three purposes : 

(1) It puts the ditch far -enough away from the roadway so that the 

water in the ditch will not seep under the road surface to soften 
the subgrade. 

(2) It makes less hazard than a steep bank to vehicles forced oil the main 

roadway. 

-(3) It reduces the cost of keeping the ditches free from weeds and soil. 

The cost of grader-built roads is proportional to the number of trips 
required and the speed of operation. The nature of the soil handled and the 

• dimensions of the road have a direct bearing on these factors. Improper 
planning of the cycle of operations or carelessness of the operators increases the 
number of - trips and hence the cost of the road. Co-operation between the 

'-tractor driver and the grader operator is essential for efficiency, and both men 
should he trained in each operation. 

41. A cut should never be made until it has been determined where 
•finally to place the material obtained. Get the material with the lightest cuts 
that will develop the amount of fill required. Place it in its final position with 
the fewest number of operations. In cutting a ditch, first set the blade at the 

- proper cutting angle and then shift the frame on the rear axle so that the rear 

• wheel -will follow the point of the blade in the bottom of the ditch. For work- 
ing in wet soils or in heavy grass, sharper angles of the blade are required than 

- when working in light loamy soils. A little experience on the part of the grader 

• operator will soon indicate to him the angle at -which the blade cuts b<>st for the 
; particular soil in which he is working. 

42. On steep slopes the weight of the grader will tend to force it down the 

- Blope. In such cases the wheels should be leaned on the axles so that they run 
in approximately a vertical position. On flat work, where the cutting is at or 

. near the point of the blade and where there is little or no pressure against the 
■ heel, the force tends toward rotating the grader. The rear wheels have a 
tendency to move in the direction of the delivery of the material excavated and 
the front wheels in the opposite direction. The wheels in each case should be 
leaned in the direction opposite to this rotation. Thus if material is delivered 
from right to left, any tendency for the front wheels to slide towards the right 
and the rear wheels towards the left can be counteracted by leaning the front 
"whesls towards the left and the rear wheels towards the right. A little experience 
and proper attention to this feature will determine both the direction and 
.‘the extent to which wheels .should lean. 

r 2 
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43. The diagrams (Fig. 5 at tlic end of this paper) show* the operations 
of the grader at each run on both sides of the road, one run up and one down : — ’ 

(1) Blade set at 30° to the centre of the roadway, and a shallow cut taken. 

The earth is thrown up in a mound on the road. Before this run 
is made it is necessary either to mark out the line with pickets or 
spitlock it so as to give the crew a straight line to work on. 

(2) A cut inside the first cut, and more earth is thrown up. 

(3) The blade point is set straight down, and takes a deep cut into the 

subsoil. Much earth is thrown up. 

(4) With the blade in cross wise position the earth is spread towards the- 

ccntre of the road. 

(5) A deep ditch is again cut. 

(6) The earth thrown up by the previous run is moved to the centre of. 

the road. 

(7) The ditch is properly formed and more earth thrown up. 

i 

(8) The blade set cross wise moves the earth towards the centre of the- 

road. 

(9) The last run smooths the surface and finishes the road. - 

The specification for an earth road should in general be the same as regards - 
ruling dimensions as a Class I or Class II road. It is preferable to give Class I 
width throughout, since the wider the road is, the easier it is to mnintain. 
On a narrow earth road traffic tends to track in the middle and ruts rapidly 
form, whereas on a wide road the traffic tends to use the full width of the- 
road. 

44. The following exceptions should be mode in the approved specifications - 
in the case of earth roads : — 

(«r.) As these roads will probably carry bullock carts the maximum gra- 
dient should be 1 in 15. A steeper gradient than this is too much- 
for the bullocks. 

(b) No super-elevation on curves need be given. 

(c) Boadside drains should he as wide as possible. 

(d) Length of culverts should he the full width of the road forma- 

tion. 

(c) Mile and furlong posts should be of 3' x 3 r steel angles 4' Ion" set 
in concrete. ° 

No warning signs need be provided. 


45. Maintenance of Ertrth Surfaces . — Too much attention cannot be "iven- 
to the maintenance of earth and stabilised earth roads. The whole tendency 
in India with regard to earth roads is to allow them to look after themselves. 
This is a most uneconomical thing to do, because an earth road will deteriorate • 
very rapidly if it is not properly maintained. The maintenance required is not - 
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-of, a' very 'high, order, nor is it at all costly. It is also extremely simple, but the 
point is that it must be done and done regularly. The maintenance charges of 
•earth or stabilised earth roads should not exceed Rs. 150 per mile per annum. 
'This sum. however, must be spent sufficiently otherwise the whole of work of 
•construction is largely wasted. It is less expensive to keep an earth r.oad in 
•good condition than to renew it after it has been allowed to deteriorate through 
lack of care. Timeliness is on important factor in road maintenance. When- 
•ever possible the roadway should be reshaped when the surface is moist but not 
wet. When in this condition the work can be done with greater ease and the 
loosened material will settle and compact more readily. It is not advisable 
to do work on earth roads in very dry and dusty weather. 

46. When the road surface is allowed to become rutted, rain water will 
•collect in the depressions making mud holes and weakening the foundations, 
whereas an earth road with n hard smooth surface will shed rainfall and will dry 
-off rapidly. If it is possible to do so. it is preferable to keep heavy traffic off 
•the road during heavy rain and for a few hours afterwards, until the road sur- 
face has dried. 

47. The following are the chief points to be observed on this mainte- 
mance : — 

(i) Ditches must be kept clear of obstructions and water must not be 

allowed to collect in them. 

(it) Camber of road must be maintained. 

.(m) When ruts begin to forai they must be smoothed out. 

«(iv) Irrigation water must not be allowed to flow over the road. 

In addition to this certain special repairs may be necessary, such as the 
Tepair of culverts, etc., for which materials are required. 

48. Also, it has been found by experience on these roads that the Zamin- 
<dars do three things which cause damage : — 

(f) In order to give access to the fields the roadside drains (which did 
not exist before) are filled with earth. 

(ii) Irrigation bunds are built so that they encroach upon the road. 

, (iii) During construction it may not be apparent exactly where culverts 
for irrigation channels arc required. If a culvert does not exist 
the Zrunindar digs a channel across the road for his irrigation 
, water. 

It is the business of the maintenance gangs to prevent these occurrences 
-and to put them right. To give access to fields katclia timber bridges are good 
•enough, but they must be so constructed that the drain is kept clear. ImgatiQn 
channels and bunds are an encroachment and should not be allowed. The 
channel should be made by the Znmindar on his own land clear of the roadside 
•drain. As regards now culverts it is only after experience of the road under 
traffic conditions that the full requirements can be decided. A few new cul- 
•verts will be necessary on all roads after construction has been finished, and 
.•allowance, for them should be made in maintenance estimates. 
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49. In order to carry out this maintenance there are three methods any- 
one of which may be used for a combination of all three 

(i) By Auto -Patrol. 

(it) By hand labour. 

(Hi) By wood road drag scraper (See Tig. 6 at the end of this paper). 

It is uneconomical to do earth work by hand labour. Maintenance gangs- - 
should be reduced to a minimum and used only for digging out ditches, clearing, 
slips, patrolling and inspecting the road, and directing the work of the Auto- 
Patrol and the road drags. The Auto-Patrol should go over each road twice- 
yearly re-surfacing, making up camber and trimming ditches. It does the- 
same work as the grader, but on a smaller scale on an already properly graded 
road and much more rapidly. The road drag scrapers arc used for re-surfacing- 
and smoothing ruts, but they cannot bring more earth from the ditches on to the - 
road. 

(?) Auto-Patrol . — Allowing for doing all earth- roads in wet weather and- 
much of the gravel road mileage in dry weather and allowing for holidays and - 
repairs to the machine, it is estimated that the Auto-Patrol should work 200 
days a year. 

50. The number of rounds required to put a road into good condition with- 
the Auto-Patrol depends entirely on the condition of the road in the first place, - 
but 4 rounds should not normally be exceeded : 


i.e., — 1 round in bottom gear at 1*8 m. p. h. 

1 round in 2nd bottom gear at 3 • 7 m. p. h. 

2 rounds in 3rd bottom gear at 5*1 m. p. h. 

This means that the machine will travel 15-7 miles in four hours, and the' 
completed mileage per day should be about eight miles. It will be safe to take- 
5 miles as the daily average, allowing for delays, bad places, time off for meals,, 
idle movement, etc. The Auto-Patrol is definitely a one man control machine, 
all adjustments to both blade and scarifier being carried out through 5 control 
levers. A staff of one mistri and one mistri cleaner should be allowed for it. 

51. ( ii ) Maintenance Gangs . — A permanent working gang of 1 man per 
4 miles should be sufficient. Each gang would consist of 1 mate and 4 men and 
would have charge of 20 miles of road. Mates might be provided with a bicyclo 
Maintenance gangs should be provided with the necessary tools and equipment,. 

52. (tn) Drag Scraper .—' The drag scraper is a locally made article costing 
about Bs. 50 each. Each maintenance gang should have 2 draw scrapers as 
part of their equipment. These scrapers should be centrally situated and kept, 
in a suitable village on the road. Each one can maintain 10 milos of road 
without undue travelling to and from work. The scraper is pulled by two, 
bullocks. In using scrapers it is important to remember two things : — 

(a) It is difficult to train the bullocks to pull the scrapers properly, af^ 

they are at first unaccustomed to this kind of work. 

(b) It is therefore difficult to persuade the gangs. to make proper use off 

the scrapers. 
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53. The scraper can be so inclined that earth can be drawn to the centre of 
the road or away from the centre or else merely smoothed as in Figure 7 at the 
end of this paper. Thus for a road requiring extra camber the scraper should 

1 be inclined' with its left leading edge in advance. If the camber is too great 
then the right leading edge should be in advance. If a smoothing action only 
is required then the scraper should be drawn at right angles across the road. 
The amount of cut that is made can be varied by adding extra weight in the 
way of sandbags filled with earth or stones on to the top of the scraper or by the 
cooly standing on it, but it should be remembered that too much cutting 
causes a heavy strain on the bullocks. If available a lorry can be used to pull 
the scraper. This is much quicker, but it is more expensive than bullocks. 

54. The cost of maintenance of earth roads by a combination of the above 
methods should not exceed Rs. 100 per mile per annum. 
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Extract from Engineer in Chiof’s Technical Paper A'o. 20: "limit] Const ruc- 
tion and Maintenance in India". 

gravel roads. 

Gravel is made up of smell round particles of stone which occur in 
nature and are sufficiently large to be retained on a screen. When a 
soil contains as much as 40 per cent, to 50 per cunt, of gravel aiiu sutnciunt 
clay or other cementing material to bond the particles together it proics 
a satisfactory material for the construction of roads, because it is drained 
easily a*nd is very stable when compacted. 

Ordinarily the selection of gravel for use in roud construction must bo 
confined to local materials which arc or can be made suitable for tlic pur- 
pose. Since gravel varies enormously in quality it is essential that the 
Engineer should have some knowledge of the physical characteristics of the 
various materials and their suitability or otherwise for road construction. 

The three chief characteristics which affect tin* quality of gravel for road 
work arc: — 

(1) The size and shape of the pebbles. 

(2) The hardness of the pebbles. 

(3) The proportion and nature of the fines, which act as a binder. 

It may appear strange but it is a fact that round material will bind 
just as well us any other form, and is much easier maintained with a 
smooth riding surface. Irregular shaped material inay bind better to form 
a crust, but it is not ns suit-able as the round material for the surface coat. 
Further, there is less wear in tho round stone than there would bo with 
irregular stone, since traffic cannot injure it by knocking off the corners 
or by reducing its size by abrasion and impact. 

For gravel to make n satisfactory surface* the stone particles must be 
graded in size so that the amount of binder required is reduced to a mini- 
mum, since it is the stone and not the binder that takes tho traffic. Most 
gravel deposits as they occur in nature satisfy this requirement in so for as 
the grading of the pebbles* is concerned, but they nearly always contain 
pebbles of a size larger than it is desirable to incorporate in a road surface. 
For a good surface the maximum size should not exceed 1\ inches in 
diameter. The qualities which determine the durability of pebbles when 
used in a* road surface are hardness, toughness and resistance to wear. 
Fortunately most nullah bed bajri contains a large percentage of limestone, 
which is excellent for road work. Quurtz is harder than limestone and 
gives a good finished surface as it is round and easily worked. Sandstone 
is softer hut works into a good surface as it has good binding qualities. 
Shaley gravel is usually poor, ns it decomposes rapidly into dust under 
traffic. Normally, in order to detormino the best material the Engineer 
should reconnoitre the sources of supply in proximity to the alignment of 
the road. It is sufficient to test tho hardness of the grovel by breaking the 
various kinds with a hand hammer. 

No matter how durable the pebbles contained in gravel may be, they 
cannot be used successfully in a' road surface unless they can he "well bonded 
together to produce a combined resistance to traffic. 

Everyone knows the gravel rood that has about 3 inches of loose gravel 
on top of it, and which is extremely dangerous for motor, vehicles. The 
reason why such surfaces arc bad is that there is no binder whatever in 
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the material. ' Clay is the usual binder available. The suitability of anv 
particular clay for use as a binder depends upon the same properties as its 
suitability for use in earth roads, that is, a good non-slaking variety of clay 
is the best. The clay must be mixed in the proper proportion with sand. 
The sand content should be at least twice as great as the clay content and 
the sand and clay, when thoroughly mixed should be sufficient to fill the 
voids in the gravel. 

■ The grading of the gravel should receive close attention from the very 
beginning.. If the Engineer carries with him a number of small sieves for 
samples' he will be able to analyse in the field any gravel met with and 
■will be aide to decide there and then whether it is suitable. 

'1'he gruv.;l should be fresh and clean, and be roughly to the following 
grading, but a good deal n f latitude is allowable in the gi ad>r.g. — 

l'to2’ . 
i'toi' . 

, Fines bolow 

In order to obtain this grading it would be necessary to screen the 
gravel three times. For rapid work this is not practical. Fortunately 
most natural nullah bajrl is sufficiently well graded in the above proportions 
for all practical purposes. It is however, always necessary to screen once 
to remove the large stones over 1". An expanded metal screen is the most 
suitable and practical way of doing this. The measurements of the mesli 
should be 1 by !"■ 

One screening must always be done. If the large stones are not removed 
they remain on the road. They cannot be dealt with by the Auto-Patrol 
and they are a great nuisance to traffic. They have then to be removed 
by hand which is very expensive in labour, or else they remain a hindrance 
to traffic. 

« 

When the gravel has been screened once to eliminate the large stones 
it will readily be seen whether any further screening is necessary. If the 
sample contains a large proportion of fines it may be necessary to use a 
screen to remove them. 

If the subgrade is of clay the above grading is the best, but if the 
, subgrade is sand or silt and if good non-slaking clay is not available, larger 
stones, even upto 3* in diameter may be used, ns noted on page 88. 

Clay Subgrade. — The method of treatment for a clay subcode is 
simple. j 

If we examine an earth road during a dry spell after rain we w ill 
find that, as the surface dries out, a crust of hard' earth ll to 2 inches 
thick is formed. Below this crust the soil is considerably softer, and con- 
tains a greater percentage of moisture. As drying takes place, the effect 
oi traffic is to reduce the crust to powder -md then to wear away the softer 
material beneath. That is to say, the action of the dry weather retraces 
the moisture content, and then the abrasive action of the traffic removes 
th§ crust. Whatever treatment is afforded, therefore, must prevent the 
drying out of the moisture sufficiently long until’ a further supply is forth 
.'coming and thus increase the wearing time of the crust to a reasonable 
-limit. In order to prevent this evaporation it is essential to cover be 
surface of the road. 


15 per cent. 
r '5 „ 

10 
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A comparatively thin layer of gravel on an earth siuince very quickly 
compacts with the earth forming n thin coat which has the property of 
reducing evaporation and providing a wearing surface for traffic. 

The ideal type of gravel surface is one in which the lower portion of 
the gravel combines with the earth to form a crust, on top of which lies n 
thin layer of material which can he moved backward =• and forwards to till 
any depressions that may form. This tipper surface will be loose, and it 
is clear that its maximum size should he comparatively small. 

This latter point is of vital importance. The greatest, faults of so 
called shingle roads are that the loose covering is too thick and that the 
size of the material composing it is too large. In the first, ease the road 
will be heavy for traffic, and dangerous owing to skidding on the curves. 
In the second case it will he rough ami the large stones will damage iho 
under-parts of the vehicles. Both those faults are avoided by having the 
loose layer only half an inch thick and composed chietiy of sharp sand. 

For first coat work a depth of gravel of H to 2 inches should bo 
provided. Collection should be ordered for ‘2 inches. The width for the 
coat should lie *20 feet for 2-way traffic anil the full width of the road for 
any less width of road. The snivel must not be stacked on the mad where 
it will obstruct traffic. The* Auto-Patrol will spread the gravel, if it. can 
reach the stacks. The gravel should not. hr stacked in small wide stacks. 
These are easier to measure, but thev invariably occupy much space and 
obstruct traffic. Where the road is wide enough the stacks should be at the 
extreme edge of the road. They should be narrow and high, and svlsu con- 
tinuous along the length of the road. If the road i« not wide enough the 
stacks must lie collected originally off the road tlnd subsequently \-Hher 
spread by hand, or else moved on to the road when the Auto- Patrol is reatlv 
to work them. 

The subgrade having been brought tu its correct shape and cnnsoli- 
dated, then and not till then should the giavel be spread. 

Belore laying the gravel the sutigrade should be well watered with 
water lorries.. The watering is of great value subsequently since it provides 
moisture which is retained when the gravel surface is put down. It also 
assists in consolidating the lower layer of the gravel. 

The spreading may be done by hand or by the Auto-Patrol. It, is belter 
to use the letter if it is available. The first coat, should be laid l 1 inches 
deep on a normal clay subgrade. Any large stones that get on to the road 
when spreading the gravel, or tlmt are torn up from the subgrnde hv the 
Auto-Patrol should be removed bv hand 

The Auto-Patrol should always have a small gang working behind it 
removing these sionps. 

If the spreading is done by hand it will not. he even. It can bo made 
even very quickly and easily by the Auto-Patrol. 

It is quite incorrect to spread earth over this layer of gravel. Traffic 
itself will very quickly force the lower stones into the clav, whilst the 
upper portion is retained loose. 

Maintenance of clay subgrades.— From time to time it will be necessary 
to dress up the gravel as the tendency of motor drivers is to take their 
vehicles straight down the centre of the road, thus forming two ruts and 
throwing up a little of the material at each side whilst that under the 
wheels is forced downwards. To drag the material back again is all that 
is required. This can be done by the Auto-Patrol, or by broom drngs. 
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. After a little rain and when the road has been opened to tr affic for a., 
short time the crust will soon form. For almost all roads carrying light, 
traffic this single coat is adequate for the first year or two. A road°planer- 
run over it once a month will keep it true to shape. If the material is- 
round, the wear will be negligible. 

Where the traffic is very heavy, as during operations, it is likely that, 
the crust will be broken through in one or two places, forming very lar^e 
pot holes. These must be filled in with gravel without delay and before- 
they have time to spread. If 2" of gravel has been ordered and only about, 
li" spread there will be a surplus of gravel on the side of the road for- 
patching. It is very important to keep this patching material renewed. 

The first coat of gravel salvages the road. Subsequent coats improve it. 
A good gravel road should always have the loose layer of fine material on. 
top which can be worked backwards and forwards with the Auto-Patrol, 
or braom drags to fill up uneven places. 

When deluged by rain the water can run away readily to the sides and-, 
if the shape is properly maintained by the machines no thin spots or holes 
- will bo allowed to form: This loose surface layer should ordinarily be about 
half an inch thick. For good maintenance this half-inch layer must be 
retained. 

As subsequent coats increase the thickness it will not be long before a. 
full depth of about 5 to G inches is reached. Nothing is gained by increas- 
ing the thickness beyond 6 inches. Should the road become uneven at this- 
stage the surface should be loosened to a depth of li to 2 inches and the 
material planed backwards and forwards. 

If there is very heavy traffic such as occurs during operations and practi- 
cally while the road is under construction patrolling by the Auto- Patrol 
should be continuous. This is very important, and will make a groat differ- 
ence to the road. The Auto-Fatrol will keep the surface even and will 
prevent pot holes from forming. For this work the multiple blade attach- 
ment adjusted to a depth of one inch should bo used. The Auto-Patrol 
will do 12 miles of road a day, once over in each direction. 

If water lorries are available it is advantageous to water the road in dry 
weather, as this not only keeps down dust, but also renews and keeps- 
the moisture in the road. 

Maintenance by the Auto-Patrol can be greatly assisted by using ai 
•' drag broom and drag scrapers towed behind lorries. The drag broom is a- 
locally made article and is excellent for beeping a smooth surface on a 
gravel road. A drawing of the drag scraper is shown at figure 6 of Paper 
No. 4. 

Gravel and shale 'subgrades. — For gravel and shale subgrades the treat- 
ment is exactly the some as for an earth subgrade, except that normally 
one thin coat (1&") of gravel will be auitc sufficient to make a verv good' 
road. With these subgrades particular attention must be paid to provid- 
ing good drainage in tlie first instance. 

Catch water drains are extremely valuable for these subgrades, which 
occur usually in hilly country. If water is allowed to flow from the hill side- 
on to the road the coating of gravel will be washed away and will have to-- 
be renewed. 

Sand and Silt subgrades. — The method of treatment of sand and silt; 
subgrades is different from that recommended for an earth or gravel sub- 
grade. 
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When placed on sand or silt, gravel tends to go downwards and in very 
-dry weather which extends for a lengthy period it may get lost altogether. 
.As a gravel road should have a loose surface, a coating of gravel over the 
-sand at first presents a good surface. Tin. difficulty arises in hooping it 
there. It can he retained by n layer of clay between the snrnl and gravel, 
if available. When good non-slaking clay is not to he had close at hand a 
large coarse gravel will serve excellently. It 1ms the advantage a iso of being 
'hard and not as easily destroyed as day. 

This coarse material graded between 11 and 3 inches should he laid on 
to a minimum depth of 3 inches. This layer will gradually mix up with 
the sand and furnish a hard base over which the smaller gravel can he laid 
in the usual way, later on. The larger stones below will lioM the moisture 
'for a considerable time thus preventing the fine sand from working up. 
Subsequent coals of gravel will increase the crust and gradually build tip 
• a good road. 

A sandy and silty rotvd must he treated according to its nature and 
according to the analysis made of the soil. It is usually bettor to put on 
■-a double coating of gravel ns described above than to use clay, especially 
if gravel is more easily obtained than good non-slaking day. Clay cuts 
up under traffic in wet weather whilst stone does not. 

The presence of this additional quantity of stone will cause the moisture 
to be retained and will delay evaporation. " Sand does not become objection- 
able in a road until it becomes dry and powdery. The double thick- 
ness of gravel prevents powdering. If clay is used it must be r< numbered 
that, it will pulverise in dry weather if applied above the sand in too thin 
a coating. The thickness of the clay should not be less than 3 inches for 

inches coating of gravel. The greater the thickness of clay applied the 
nearer it approaches an ordinary day road. The total quantity of day 
and gravel depends entirely on the nature of the sivndv surface k-in" 
-covered. ‘ " 

ith intensive traffic the first or first two lovers of gravel muv disappear 
■altogether. Anything up to V 0" thickness of ‘gravel mflv have’ to he pro 
vided if the soil contains 70 per cent, of silt. * 1 

Maintenance of silty subgrades.— In dealing with a very sihv subgrade 
it is of even greater importance to patch quickly than it is in the case of 
'the good clay subgrade. 

Also, watering becomes of very g rca t value, and the arrangements for 
bringing water quickly on to the rosvd must he complete. 

As soon as one coat of bajri has been spread on roads of the description 
-orders should at once be given to collect another coat. There should nlwavs 
be one coat of bajri in reserve alongside the road. 

The tendency of gravel roa’ds to develop a wavy or corrugated surface 
is particularly noticeable in the case of sandy and siltv subgrades. If the 
corrugations are not too deep and especially if the work is done while the 
road surface is moist, the tops of the corrugations can bo cut off bv the use 
of either a grader or the Auto-Patrol. The material thus removed is 
-spread uniformly over the surface and compacted bv traffic. It should be 
' continually worked back and forth and kept in a smooth condition while 
•it is thus being compacted. A small amount of moisture in the road surface 
■adds materially in its cementing or bonding together. Too little or too 
nnuch moisture will prevent the proper hondinm 
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If the roadway has been allowed to become deeply rutted or very wavy 
under the action of traffic, the surface may have to be scarified and bladed’ 
into proper shape. This scarifying should bo done to a depth equal to at 
least the depth of the corrugations. The scarifier attachment for the Auto- 
Patrol is an excellent tool for this work. It. should be borne, in mind that- 
large roclcs in the road bed interfere with this method of reshaping and 
they should be removed from the surface before star-ting the work. ° 


Lici&onant-Goloncl A. V. T. Wakcly {the Author): Mr. Chairman and' 
gentlemen. The only additional remark that 1 would like to make is to 
stress the importance and value of the Auto-Patrol that we saw in Pe'-'liawar 
It is a maintenance machine, and we find it extremely valuable for the 
maintenance of earth roads. The one you actually saw in Peshawar did 
not have the ordiuary blade fixed on, but it had the multiple blades. The 
ordinary' blade is used for the- first two or three rounds and the multiple 
blades are for smoothing. The Auto-Patrol is a very rapid working 
machine for the maintenance of earth roads, and we have actually done up- 
to five miles per day of finished road with it. (Applause). 

Chairman : I will now call upon Mr, Brcndon to introduce his paper- 
and to make any additional remarks he wishes to make. After that, we 
will consider both papers together, as I think they relate largely to the 
same subject. 

The following paper was then submitted for discussion • 
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PAPER No. 3. 

Earth Road Construction and Maintenance by Machinery. 


By G. TF- 0 Bread on, District Engineer, Gnrdaspur. Punjab. 


These notes relate exclusively to EARTH ROADS, which, nil Engineers 
'will agree, must form the backbone of Communications in India, even if, 
when the financial position improves. India embarks on a programme for 
■extending her hard road system. 

2. Earth roads, under all conditions, will, for all time, remain the peoples 
■ roads, i.c., the District Boards' Roads. It follows that any improvement in 
methods of construction and maintenance are of vital importance to District 
Boards and also to the whole Province. 


3. My experience is that a good earth road can be maintained in satis- 
factory condition for easy travelling for the greater part of the year and in a 
fairly passable state during the rains also. Tractors and the graders have 
been tried out in the Gurdaspur and several other districts in the Punjab. In 
the Gurdnspur district these mechanical appliances have done comparatively 
good work and have done it fairly cheaply, but from mv experience, as a high- 
way Engineer, I was not satisfied with the plant employed, its output and the 
-cost of operation. This was not because the tools are unserviceable, but 
■because the outfit is incomplete. District Boards arc ill-advised to invest 
-in complete plant which could not, therefore, yield the best results. 


4. For road construction and maintenance an outfit should consist of :• 
Two graders fitted with scarifiers and hnck slopers. 

Two tractors for graders. 

One road planer, or smoothing drag, or so called “ Maintainor 
One tractor for road planer. 

One triple set of road rollers {6 tons). 

One tractor for rollers. 

One motor lorry for transport. 

Four tents for operators and coolies. 


- 5 / - Thc T 0, ; tflt des " ib « 1 « not. too costly for most District Boards to 

Siti iT uot .vetob tamed such n complete outfit, but the Gnrdaspur 

fet o trioln r S"* 1 ? } w ° traclow ’ two graders, one maintainor, one 
set of triple road rollers, two bullock carts and four tents for stall, and I feel 

sanguine that two more tractors will he provided next fear. Willi the plant 
non in use I am able to grade from 4 to 41 miles of road per day, but with a 

nfdT l TkZ^r' 1 rV V f’ 10 ? 1CS ° froad sltould nothc completed 
, i' J} e P , attached shows the sequence of operations in which 
a complete outfit should proceed along the road. operations u wlucli 
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. ,6. The advantages that this system offers are threefold. 

Firstly . — About 10 miles of maintenance work, including drain-excavation 
surface-cutting, surface-forming and consolidation, can be executed in a work- 
ing day of eight hours ; that is 60 miles of road can be improved weekly 
•without the operators being inconvenienced, as a lorry enables them to change 
camp daily. In this manner all roads in this district can be graded at least 
three times a year without disturbance to traffic. B 

* Secondly . — It is the most economical method of road maintenance and road 
construction.' The cost of improvement by manual labour is about Its. 1,500 a 
mile and subsequent maintenance varies between Rs. 200 and Rs. 350 a' mile 
whereas a mechanical outfit, including all working charges and depreciation,’ 
can do the work more quickly, more, efficiently and far more economically. 
Improvement costs approximately Rs. 60 per mile and maintenance from 
Rs. 20 to Rs. 40 per mile, according to the nature of work and season in which 
it is executed. 

Thirdly. — There, is efficiency with no disturbance to traffic. The whole 
■outfit operates simultaneously ; a grader works on each side of the road cutting 
& side drain, sloping the edge of the road and conveying the loose earth on to the 
road ; the planer or drag following spreads the earth evenly over a width of 9 ft. 
along the road surface aud at the same time cuts down and smooths over all 
irregularities in the road ; while the rollers in their turn consolidate the earth 
leaving behind them a finished road ready for immediate use. Nothing more 
desirable could be wanted for we have in tins outfit SPEED, EFFICIENCY, 
FREEDOM FROM CLOSURES AND ECONOMY. 

7. During the year 1931-32 about 200 miles of earth-roads in the Gurdaspur 
District were maintained— a tractor and grader alone being employed. The 
work was good and the condition of roads was materially improved at an 
average cost of Rs. 52 per mile for the first grading, against an estimated cost 
of Rs. 100 per mile for 2 gradings each year ; hut the great drawback through- 
out was the looseness of the road surface, which is, ns can be readily realised, 
a great hindcrauce to all forms of wheel traffic. A loose surface, too, is quickly 
rutted by bullock carts and lorries, which calls for a second light dressing-cut 
within a very short time of the first operation. In my opinion the grader, 
without the planer and rollers, can not, in producing a cheap and serviceable 
earth road, compare with a complete outfit. 

8. Referring to the attached plan, I desire to point out, that when the 
existing side drains of a pre-graded road are in a fairly serviceable condition 
it is not necessary for more than one. grader cut to he made on each side 
of the road, in order to provide sufficient earth for the making up of the 
road surface. The widtli of the road is determined by the spread of the blades 
of the maintainer, which hi the case of MacCormic Deering No. 61 planer, is 9 
feet. The mounds of earth left by the grader should, therefore, not exceed 
8 feet from outside to outside. When spread over the surface of the road by 
the long moveable blado behind, the width is increased to about 10 feet which 
■is easily covered by the rollers. Should u larger quantity of earth be required 
for the roadway, and it be also desirable to widen and deepen the side drains, 
the graders will have to make two cuts on each side of the road, the first cuts 
■being 18 feet apart and done independently of the maintainor and rollers. 
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These will not come into operation until the graders are making their second 
cut, which will be in parallel lines 14 feet apart. 

Note -It is very important, not only for tho sake of appearance, that the first cut- 

It is even more important when a maintainer is m use that tho guide lines for tho gr 
s hould bo accurately laid out and be parallel. 

9. Punjab . — Boads in the Punjab are divided into four classes :—(l) 
Arterial, (2) Class 2 or main roads, (3) Class 3 or entirely District Board roads 
(41 village roads. Under the Head Arterial Roads there are 4, '20 miles of 
which 9°150 are metalled and 2,570 are unmetalled. Arterial Roads are 
maintained exclusively by the Public Works Department from Provincial funds 
The total mileage of Class 2 or Main Roads is 8,160, of which l,la0 are metalled 
and 7 110 unmetalled. The total mileage of Class 3 roads is believed to be 
11 000 of which 150 are metalled. There are about 40,000 miles of village 
roads in the Punjab, but actually they do not deserve the name of road. 

10. Prom the above it will be seen that Punjab highway systom includes- 
about 20,500 miles of earth ronds and 3,600 miles of metalled roads and wore- 
the Province to embark on a programme of metalling the whole system it would 
take about 100 years to complete at the colossal cost of Rs. 41,00,00,000- 
which represents the initial cost of construction only. It is obvious, therefore, 
that this Province will have to depend mainly on earth roads and, in order 
to improve and maintain such roads, it will have to resort more extensively 
to the use of machinery. 


11. In order to open up the country rapidly and economically, I would 
urge upon Government the proposal of combining its Railway, Roads and. 
Rural uplift policies, whereby a larger number of feeder earth roads and even, 
village roads can be improved for motor traffic and some restrictions placed 
upon tho transport of goods and passengers by motor vehicles along arterial 
roads r unning within a distance of 10 miles on either side of Railways. If this, 
could be done motor lorries would find their way into the remotest of villages, 
from which passengers and goods will be conveyed to Railway stations. The- 
revenue of the Railways will thus bo increased, while the owners of lorries will 
have no occasion to complain of loss of business. Incidentally with the im- 
provement and the extension of the earth road system Government, as well as- 
District Boards, should be able very materially to reduce the cost of education, 
which is at the present, a drain on the resources of District Boards. 


12. Soils .— Speaking generally from a constructional point of view, there- 
is hardly a soil which is wholly unsuitable for an earth road. It is, however, 
admitted that some soils are bad, but it is not difficult, nor is it costly to im- 
prove the surface so as to make the road serviceable for motor vehicle and 
bullock carts. 


(1) A clay-loam (containing about GO to 70% of clay) makes a road which 
will stand up to heavy traffic. 

(2) A light loamy soil (containing over 40% of sand) is not to be despised,, 
provided that it is graded and rolled when there is some moisturo in the soil. 
This road will easily carry moderately heavy traffic, but should it break up 
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under, heavy loads, a 3 inches to 6 inches layer of clay spread over the surface 
at the time that the 2nd grading, is being done will, when rolled, remove all 
difficulties. 

(3) Soils impregnated with certain salts are about the best for earth roads, 
but 

(4) Where salts are in excess, they can be remedied by cither clay covering 
the surface or by spraying with the crudest of earth oil. 

13. From actnal experience in this District I have found that the worst 
sections of roads in weak soils- can be improved and brought up to a high 
standard by clay-covering at an average cost of Rs. 500 per milo. 

14. Selection of Plant. — The experimental stage has passed and we are 
now definitely able to state what makes of tractors, graders, maintainors 
•md rollers are best adopted for the mechanical construction and maintenance 
of earth roads. 

(a) As regards tractors, I prefer those manufactured by MacCormic 
Deering. For light draught work tho 15/30 H. P. — is generally suitable and for 
heavior .work tho 22/3G H. P. wlicol tractor will bo found vory suitable. The 
T 20 Trac Tractor is also a very good machine, but it has one weakness in its 
track rollers, which tho manufacturers have been advised to romove. Tho 
Caterpillar tractors have also given very satisfactory service on tho North- 
West Frontier ; while in Konya tho Director of Public Works has found tho 
HOLT No. 30 Caterpillar, tho' Sawyer Massey No. 80 grader with scraper and 
back slopor and Ransomcs Duplex Water Bnllnst Roller to bo tlio most suitable 
for his work. As a matter of fact that tractor is best tho gears of which are 
suitable for earth road work. Most British machines are unfortunately un- 
satisfactory for this reason. 

- (6) Graders. — Tho Graders which I have used are tho Adams leaning wheel 
No. 7 and tho Stockland grader and have found both O'pinlly serviceable. 

(c) Maintainor. — My experience in regard to maintainors is limited to 
Adams No. Cl. 

(d) Rollers. — Our set of triple rollers was manufactured by a Bombay 
firm, but unfortunately tho frame is weak. 

Schedule or Consumption of Fuel-oil. etc., by grading outfit and cost 
of Grading per mile travelled. 

. 15. For tho purpose of chocking the cost of grading I givo below the 
average consumption, of oil, lubricating oil, etc., also cost of labour and depre- 
ciation on an outfit consisting of one T. 20 Trac-Tractor and one Adams leaning 
wheel grader : — 

(1) Korosone oil— 0-93 gallons per mile travelled. 

(2) Lubricating oil=0*08 gallons per mile travelled 

(3) Pctrol=0> 02 per milo travelled. 

(4) Greaso=0* 02 lbs. por milo travelled. 

(5) Thick lubricating oil=0* 07 gallons por milo travelled. 

' o 
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(6) Miscellaneous (Lime soip, cotton waste, etc.) —0-4-3 per mile 
travelled. 

( 7) Establishment =1-1-8 per milo trnvcllod. 

(8) Depreciation=l-6-8 per milo travelled. 

Note.— The cost (not including ropairs and doprocia'ion) should ordinarily not oscwl 
Ks. 2-8-0 oar milo travollod. Tho total cost including ropairs and doprociation for the 
yoar 1933-34 worked out to Rs. 4-0-9 por milo travollod. 

16. During five months of tho current yoar tho cost of working an outfit 
consisting of a T 20 Trac Tractor, a 22-36 MaeCormic Dcoring wheel tractor, an 
Adams leaning wheel grader, a Stock Land grador, a 01 maintainor and a set 
of triple rollers (6 tons) is as under : — 

Kerosene oil= -£ gallons per mile travelled. 

Petrol=l gallon per 50 miles travelled. 

Mobile Oil=l gallon por 12 miles travollcd. 

Gear 011=1 gallon por 35 miles travelled. 

Grease=l lb. por 16 miles travelled. 

Miscellaneous (cotton waste, cleaning cloth, soap, etc.)=3 pies per mile 
travelled. 

Establishment Re. 0-13-6 per mile travelled. 

Depreciation Rs. 3 por mile travollod. 

Lime for marking road 1 mound per mile travelled. 

Eote. Tho estimated cost including all charges is Rs. S por milo travollod. 

It. Establishment. — Establishment employed on working tho above 
machines consists of : — 


1 Tractor Drivor-meclianic 


Rs. 
p. m. 

70 

1 Tractor driver . . 

• • « f 


42 

2 Grador operators nt Rs. 40 each 

t i v • 

.. so 

1 Jemadar 

• • » • 


20 

8 Khalasis at Rs. 15 each . . 

* * • * 

.. 120 

2 Cartmou at Rs. 40 each 

* • • • 

so 


Total 

.. 412 


to sunmdse thTworV !^°^ 0 ^ Ve ^ rn03 ^ nn ical ovorscor with road exporiom 
oSvSZth^addSLK 11 ^ Q 10 ? * m - ^ would bo more tto 

Engfatr^Songam ™P»rtant that tho Distf 
and also oaorciso fagnont o„por?ision inZLt so'SHfs £ ZS+ 



till machines clean and faithfully carrying out the instructions of manufacturers 
in the proper lubrication of nil parts. 

lfl. Sjxtrc Parts. — The District Engineer should arrange to keep in stock a 
suitable number of cutting blades and such other parts of machinery as re- 
quire frequent replacement. lie should also obtain an undertaking from the 
agents, through whom machines have been purchased, that they thomsclvcs 
will maintiin a vvoll-stocked spare parts dcpnrtmont in India, preferably in the 
Province where the machines are operating. 

20. Manual Lulmnr. — Dcspito the fact, that a grader cun conveniently 

raise a road to a height bf 2 it., provide 1 that sufficient land is available on 
both sides of tho road -wav, from which spoil can be cut and conveyed to the 
bank, we cannot entirely dispense with coolv labour in the construction, 
improvement and maintenance of earth raids. Manual labour is iry 

for («) repairing bridges and culvert s and in keeping their approaches in order ; 
(l») closing breaches in roads and in raising such portions of the ro.ul where 
machines cannot operate; (c) clay covering snndv stretches ; («/, grubbing out 
stumps and roots of trees ; removing jungle and large rocks ; (•') cutting outlets 
from drains ; and (/) keeping to u! crossings in proper order. 

21. Limitation of si re <f Motor tv/»jVV.- — If the proposal that I have made 
above to improve earth roads and even village roads be rnrric 1 into elTmt 
it will by advisable in the. inter. "-i of the roads not to allow very heavy vehicles 
to ply for hire. It is a mistake to suppose that India, with its millions of 
small land owners, will ever lend it self to the employment of largo trailers 
drawn by db'sel oil engines or mult b wheeled trucks in any cas.< tlmir intro fac- 
tion should not be encouraged, but every nssirtaneo should be given to small 
lorry owners, 

22. Concl’i 'ion . — It is most imparl ant. where mediauienl loo'iwire use 1 in tho 
development and maintenance, of roads, that tho machinery f*i employe, 1 should 
bo kept in constant commission. Breakdowns cannot be altogether avoided, 
but they can be considerably reduced, if a trustworthy superintendent is in 
charge of tho plant and if the PistrM. Engineer exorcises reasonable snper- 
vision. No restriction should I-e place-1 ujion the Kmrineor in tho imme Iinto 
rejdr.cement of worn-out parts and in tho execution of os- on tin! repairs. Un- 
fortunately some rules framed at a time when tho mo of mechanical tools was 
Hot contemplated, appear to bo oxces-ively restrictive in this respect. 
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DISCUSSION ON PAPERS Nos. 4 AND 3. 


Chairman : In the first place, I should like to thank the writers of ft** 
two papers for tlieir extremely interesting, able and well written pnp^ 
Personally, I have no experience of roads of this kind, and I have rc-J 
both these papers with much interest. I can hardly believe that £; 
authors attained the results they claim to have attained and 1 only h"l 
that what they tell us is true. (Laughter). There is one point’ thj 
struck me particularly — one on which both lay emphasis, — and tbul is, fh 
say that the whole success or failure of the system depends entireh rj 
good organization. Yet it is suggested that supervision of n less high orb: 
is necessary than is the case when constructing roads of a more pcruiamu 
nature. 1 can hardly think that this is the ease. It seems to me that S 
this expensive machinery is to be kept in full commission and made lb 
utmost use of, one would want a staff with gteat initiative und foresisb. 
In fact, you want men of a better quality than urn required for the uisi:- 
tenanoe and construction of metalled roads. 1 hope that in reply hr ib 
writers will refer to this point more fully, because, it is a criticism that ! 
have heard mude by other people as well* There is out; other point I wo::* 
like to mention and it is this. As lot as 1 can set', the whole of the vci 
is done by departmental labour, and it is not possible therefore for fo 
engineer to pass any of his responsibility on to the contractor, ns we canij 
in regard to our road work. Here, if thing- go wrong, to n certain extei 
we can hold the contractor responsible. In the case of these faith twk 
this does not seem possible. 


. "v* P' acfarlane: Mr. Chairman and gentlemen. Mr. Brebuer L' 
jus’ le eired to the fact tlmt when grader* are cmplowd, u higher cla* 5 tf 

® Wed. aricl . ] think, them is « lr,t in what lie sny B . Ua 

gi(ici6is in tne Puniab wapa inivnritt/to/i .. _ -t 


and _ nemm£l P f^ n ^"V i - °* u,,6s »»numiMt..tl this system of cw&r* 
fftETSSftSLrt?!? ? 0ai ? s t0 P“«*n« them. I am som- tor} 
Stubbs has been awn - , gradois . I,avc £ on c very much into disuse, and Mr. 
others that these gra 
Punjab Communicnti 
set apart from the gu„, 

disuse is the difficulty 0 £ ^ettinl sni!? 1 , 5 "? 1 ' Bnard En ? mcor;! for {! ‘? 
regard to any form of mechanical worl P ar ‘ s * but , 1 ”- v .°T n ex P ericnce 
big scale, the question of snare n J ' •„* ‘Y unleS5s ll 55 ‘tone on a ready 
question. If a District Board S , Wl ariFe - nnd it is really a difficult 
in the whole of the district nndiMl'^ onl * v one or t' vo P ratlers in u! ? 
take a long time to get the snare ’ n ,?° SC * ct 0l,t action, then it 
to the original methods I thin]- ™ -n K - {llG result is. that they ro« rt 
thing with any form of me S" ?* **«»«* it is exactly the «» 
efficient organization and a wind ™ i i * ° u , bnv ° ?ot a really pood 
Two years ago whoa ™ wol «* «■<"? b entirely mfy 
the transhipment of steel worl- °, Ble E °hala Bridge, the whole o* 

he 3 d«tEoLlpinatoStl}SmiK|w , , CriTC “ i ^ rfc " tro rf 

lniIcs a,va .v was done by the I. A. S. C. . 
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who very kindly undertook this, work lor us anti the thing worked marvel- 
lously. I remember one day passing a perfectly good four-wheel drive lorry 
with nothing in it. I nslced the driver where lie was going, and he replied 
that he was going to Kolmln, because they had had a wire the previous 
night from there to say that one of their lorries had broken a back axle and 
he was talcing down a new one. Kow, if you have a perfect organization 
like that, all is well, otherwise if anything goes wrong, the lorry or in this 
case the grader is merely left by the road side and the staff reverts to the 
ordinary hand labour, (Applause). 

Chairman : I suggest, gentlemen, that we should adjourn now and 
continue this discussion to-morrow morning at- 10 o'clock. 

The Conference then adjourned till 10 a.m. on Wednesday, the 12th 
December 3934. 
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Third day, Wednesday, December 12tb, 1924. 

The Congress re-assembled at 10 a.m., Mr. B. F. Taylor, (Chief 
Engineer, Assam) in the Chair. 

I 


DISCUSSION OF PAPERS Nos. 3 AND 4— (coaid.). 

Chairman : Gentlemen, yesterday afternoon we left off during the dis- 
cussion of papers 3 and 4. We will now proceed further to hear anything 
that anybody else would like to say with regard to those two pnpers. 

Mr. S. G. Stubbs: Mr. Macfarlanc mentioned yesterday that perhaps 
I would be able to say something about road grading in the Punjab. Well, 
it is about five years since I have had anything to do with it, so my know- 
ledge about details is rather hazy. I think it will meet the case if I rend 
out two paragraphs of a paper' on Forth Hoads 1 wrote nearly five years 
ago. , 

“As early as 1921, the Communications Board of the Punjab realized 
the very great importance of unmetailed roads and bad been impressing 
upon District Boards that earth roads are of definite economic value and 
can be kept in excellent condition if the soil is suitable and proper attention 
is devoted to them. With this object in view demonstration 
earth roads wore constructed by manual labour in 20 districts. 
These roads were already in existence, so the work really consisted 
of improvement. This consisted of restoring the camber by 6 to 8 
mches of earth filling, watering and rolling, repairing existing culverts 
and providing new ones where necessary. To give the experiment a fair 
tnal, the Communications BoaYcl entirely financed the cost of improvement 
and subsequent cost of maintenance for one year. In all except three 
cases, all these roads were in excellent condition after a year Though 
these results were very satisfactory, this method proved 'comparatively 
expensive, improvement costing about Its. 1,500 a mile and subsequent 
maintenance costing about Bs. 200 a mile. Therefore activities in this 
direction, were somewhat restricted until the introduction of tractors and 
graders, when sufficiently successful results had been attained to predict 
with some measure of certainty that the use of road-grndin<r plant would 

rodlte '? y r'Y da ® 0 i ving our road ^' oblem > nnd further" owing to the 
reduction of cost of maintenance we could look forward to seehm process ' 

Z 1 a If 7 r F id .n r f e ' ™ in th0 S P° CC ^ two vears P nearlv 
2,400 miles of earth road will have been improved, and if ibis ’progress can 

e mamtamed it is not difficult to visualize the extent of tbo benefits which 
S“ C Z e + T th,n a ve 7^ Mr - Mitchell saw some of tlmse 

the „s fS tb°J e ZcCi V0U01 ’ for Ule derived Iron, 

“Now another important point is about the maintenance of plant. To 
ensure that plant was properly handled, the supervising and operating staff 
of District Boards were properly trained before assuming control and to 
safeguard District Board s interests the suppliers of new machinery were 
expected to run tli e plant for six months with their own staff, the District 
Boards paying actual running expenses, and if the plant proved satisfactory 


* Paper No. 137 read al the Punjab Engineering Congress, 
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District Boards were expected to purcliaso it. Prom the point of view of 
the suppliers these conditions appeared somewhat drastic and were by no 
means popular. But it was felt that unless District Engineers and their 
staff were properly traiaed and an adequate supply of spares maintained, 
the machinery would soon be out of commission. Also during the pro- 
bationary period of six months the District Engineers and supervising staff 
were trained to operate the plant with their own hands. A daily lo" was 
maintained for each outfit showing fuel consumption, other stores , 0 and 
amount of work done. This enabled the Engineer Officer on the ' Com- 
munications Board to keep in close touch with the performance of each 
machine. In addition frequent inspections were made by Assistant 
-Engineers and the Mechanical officers of the Communications Board, as 
well as by the Engineers and mechanicians of the suppliers. By these 
means those in local control were kept up to the mark and serious break- 
downs were reduced to a minim uni.' * The Assistant Engineers were 
specially trained for the job. I deputed three of them to spend a week in 
the workshops of one of the suppliers to put a tractor together with their 
own hands,, and they were also trained to operate these machines with their 
own hands. So they knew something about their job, and that is how we 
kept these machines going. I understand that since that control was 
removed, tilings have died a natural death. 

Dit'can Bahadur N. N. Ayydngar : Mr. Chairman and Gentlemen, we 
ought to be very grateful to the authors of the papers for introducing this 
important subject. Wo have already got the main communications 
developed in India, and the next great move required is the development 
of rural roads. Tho number of miles required for this purpose may be 
roughly calculated I think at not less than three million miles. Ton will 
see therefore that it is a colossal work which cannot he undertaken, except 
with the aid of modern road-making machinery. The difficulty which arises 
in connection with this road-making machinery lies in the organization, as 
pointed out ,bv various speakers previously. Village roads are in the charge 
of local bodies or village organizations like Pancliayels, Unions, etc. So 
Lhc-se people are not in a position to employ an establishment- competent to 
deal with mechanical appliances. At the sntne time there are firms in the 
important cities who deal in this machinery but who aro not in close touch 
with these various local bodies in rural areas, and so difficulties arise at 

hofh ends through this non-contact. As a result we have instances of 

failure as described by Mr. Mncfarlnne. I do not think that the use of 
these machines could have been made in move favourable circumstances 
than those described by Mr. Stubbs, yet even there they have not been 

successful. I think one remedy would be this. We have got those firms 

in the Presidency Towns and wo have got a Inrge number of graduates 
trained in mechanical and electrical and civil engineering iu our own 
Colleges who have got no jobs and no capital. So what I would suggest is 
that the firms dealing in this machinery should encourage these people and 
help them to form private companies on business linos and givo them 
machinery, the cost of which might be recovered in small instalments on 
the hire purchase system. If this is done I think we will create n new 
agency for furthering tho use of these machines, whose living will depend 
upon maintaining these machines in efficient condition. There are 
thousands of miles of village roads to bn made and maintained and such 
intermediate agencies would he beneficial to suppliers and rural bodies 
alike. I therefore suggest this may be considered by tho firms and various 
bodies concerned. 
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The next point on which I wish to spent is as to the composition of the 
material for making these earth roads. In this connection a number of 
points have been referred to in this paper. I agree with most of them, but 
disagree with a few. I entirely agree with wliat Colonel Wakely says at 
the end of para. 7 of his papers that “in any road scheme it is a question 
of rendering tlie greatest service to the greatest number of people at he 
least- cost, and it is suggested that it is more important for the good of the 
country generally to develop these subsidiary feeder roads in a . proper 
manner than to spend large sums on ambitious and luxurious main load 
schemes”. Then in para. 10 Colonel Wakely says, * On a wide road, traffic 
distributes itself and uses the whole width and the evil of tracking, is 
largely eliminated.” I doubt that very much, because, whatever the width 
of the road, there is a tendency foY bullock carts or motor-vehicles to 
follow just the centre of the road. In Southern India you always find miles 
and miles of wheel tracking formed on macadam roads, and I do not think 
it- differs much in Northern India. 

Then in para. 23 he says, ‘‘Nor instance, a road soil that is 95 per cent, 
sand will not cohere, and a clay that does not possess the property of 
cohesion is useless as a road material and will do nothing but make dust”. 
Well, I do agree with that, but I do not think that a material which does 
not possess cohesive properties can be called clay at all. It must come 
under sand. Then in para. 26 the best proportions are said to be, sand 70 
to 35 per cent; silt 10 to 20 per cent; clay 5 to 10 per cent. There are 
various Muds of soil, and of which there are two extremes. One is the 
typical black cotton soil of the Bombay Presidency, Madras and Central 
India. This becomes very slushy in the rains but remains very firm In the 
dry season. At the other extreme you have the extremely sandy soil of the 
Indo-Gangetic plain and Sind and the deltaic areas of the Madras Presi- 
dency and parts of Northern Gujerat. This remains hard when wet 
in the rainy season but in the dry season it powders because it has a very 
small clay content. Therefore the problem is to get an intermediate com- 
position of the correct consistency. What is that proportion? I have seen 
certain places in Mysore and examined the soils and gravels which make 
very good roads, and in those cases the proportion is one-third clay and two- 
thirds sand or pebble or shingle material. If these two are mixed in that 
proportion I think it makes the all-weather road required for our purpose, 
that is, a good cheap earth road. The problem really is to get that propor- 
tion in every place because it varies from place to place. Now in the same 
para. Colonel Wakely says, “It- will usually be sufficient to consider silt 
and clay together without separating them/’ I do not agree with that 
at all, because silt does not bind, and if there is an excess of silt you will 
eitliei have a quagmire or a mass of dust. In order to get the correct pro- 
portion which is, roughly, two of sand and one of clay, I employ a certain 
method which I will now describe to you. To ascertain the sand and silt 
content of any sample of soil roughly, put, say 10 cigarette tinfuls into a 
bucket of water and after stirring it thoroughly with the water, pour off 
the muddy liquid. After three or four such washings what is left will be the 
sand and silt content of the soil. Now measure the residue with the same 
tin. Suppose it measures 6 tins; the percentage of gravel is 60 per cent. 
Now I use the fonnula: 100-1-5G, for getting the percentage of gravel 
ot sana to be added to get the correct proportion (G, is the percentage of 
gn% material m the soil). In the above case the quantity of gritty 
material to be added is therefore 100— 1-5G=100— 1-5 x 60=10 per cent. 
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YTliere the clay content of the soil is less than 33£ per cent, and clav ' 
has to be added to get the correct mixture the same formula would be used 
but expressed as 1'5G — 100 for convenience. ’ 

Then in para. 27, in connection with reconditioning an old road and 
ns to the depth of treatment to be given, it is said “Normally S inches' 
should be aimed at." I think that is very sound depth to have. 

-Mr. J. M. Fetters \ I shall say a few words relating to the maintenance 
-of roads in India. The earth roads of India will be largely built by district 
and local' boards who on account of their limited resources can neither 
afford to purchase big plant, nor to pay tho high cost of supervising. I 
think the question was raised yesterday that- it was rather difficult to use 
' tractors and graders without highly trained personnel. In a bio country 
like India, district and local boards are widely separated from each other 
and the solution of this question is not for the district and local boards to 
hire the highly trained personnel, maintained by the manufacturers and 
dealers, who will be able to undertake the mechanical repairs and do the 
supervising; but this function ought to be performed by the agents. If we 
leave this to the district and local boards and the small owner who can own 
probably only one or two machines, then they cannot afford to spend the 
money to maintain them. This work could be easily done by the dealers 
and agents maintaining a highly trained engineering staff. We are all of 
-us trying to train our people. They must be trained on the actual 
machines. That is going to take some time. 1 think practically every 
dealer and manufacturer is maintaining adequate stocks in India and also 
engaging highly trained staff of engineers who will be available for hire. A 
word about the selection of plant. It cannot be said that a grading plant 
■consists of a particular number of machines. Actually, each road problem 
has got to be tackled on its own merits. Every problem should be studied 
•carefully before the plant is purchased. A plant which might work satis- 
factorily in the Punjab might be a failure in Mysore and vice versa. Each 
particular installation should be examined carefully by a person who has 
knowledge of grading, stabilisation and so on before the plant is purchased. 
Many of our failures in India are due to the fact that graders and tractors 
have been looked upon as the be all and end all of earth roads. It is a 
question of the training of the personnel and the selection of plant and the 
use of that plant after it is purchased, which makes earth road building 
successful. There are other machines besides tractors and graders, for the 
making of earth roads. We have scrapers, plainers, patrols, maintenance 
'machines of various descriptions and machines of varying size to suit each 
particular requirement and the thing that I want to say and which is 
extremely important is ‘Be careful about the selection of plant’. 

Mr. D. Daniel : Wo are greatly indebted to Lt.-Col. Wakelv and Mr. 
Breadon for their very useful and practical papers on the subject of earth 
roads. AVe have a few grader outfits in the Madras Presidency. The cost 
•of making one mile worked out from Es. 200 to Es. 320 and the subsequent 
maintenance Es. 50. This was more or less the same as the. cost with 
manual labour. On good soils the outturn may be ■ a little more. 
I-ieutenant-Oolonel Wakelv has estimated the efficiency ratio for grader 
work to be 1'56 to twice that by manual labour. Mr. Breadon in para, 
of his paper has stated that the cost of making an earth road can be 
reduced from Es. 1,500 to Es. 60. Probably no allowance for depreciation 
or interest is made. Til any case I should think this great disparity re- 
■quires some more investigation. As regards soils> Mr. Breadon says there 
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is hardly a soil which is wholly unsuitable for an earth road. \Ye have in 
the Madras Presidency problem of black cotton soil in some districts. I 
believe similar is the case in some other provinces also. It is very difficult 
to make an earth road in such soil, which is peculiar silty clay. When wet 
it becomes waxy and rolls up on the wheels and no vehicular or even animal 
traffic is possible in wet weather. No amount of sanding can improve it as 
the soil never mixes up with the sand even for years. I have brought 
samples of soils here and if Mr. Breadon cares to examine them, he might 
see and explain how best to improve them. Y/e generally improve such 
soil by gravelling it, which to some extent waterproofs it. Such a road is 
found to be better than a mere mud road in a locality which has a rainfall 
of 50 or GO inches as compared with only 15 or 20 in the Punjab. 

Looking at the diagram before reading Mr. Breadon 's notes, I wonder 
what is to happen to the daily traffic. The first three units completely 
obstruct the traffic. The last one uitk the 3 rollers completes the blockade. 
Even if the first three units can be made to work far apart, the last one has 
necessarily to occupy the full width. Hence the statement in paragraph 6 
that there is efficiency with no disturbance to traffic requires, I think, some 
more amplification. 


In fig (2) of Colonel Wakely’s paper, the right method of making an 
earth road is shown with an embankment of 3 feet or 4 feet in order to 
avoid saturation. With due deference to Colonel Wnkcly, for whom I have 
come to have a personal regard after this reepnt tour, I should like to 
state that our experience in the Madras Presidency is somewhat different. 
Ye have nearly 50 to GO inches of rainfall on one coast and about 100 to 
150 on the other. We have therefore endless troubles on many roads with 
high embankments. The edges get eroded whenever it rains and some- 
times to a dangerous extent. The first one or two coats of metalling sink, 
unless soling is laid, which is cosily. Bonds made on low embankments, 
or level with the ground, having two good side drains and cross drains at 
intervals are found to work more satisfactorily than roads on high em- 
bankments. The. roads are raised only at places where water is expected 
to collect. In this way I have reduced the cost of formation in one district 
from Us. 1, iOO per mile to Us. 450 a mile. I find also such roads easier 
and less costly to maintain in subsequent years. I also find that the Loyal 
Engineers who were responsible for the construction of trunk ronds in that 
presidency have adopted the same principle. Hence I think that in pro- 
vinces with heavy rainfall the disadvantages of taking roads on high em- 
bankments far outweigh any advantages claimed. ° 

• v?r S ^ rds ^ ie ®j° pC f ° r e ? rth , ronct maintenance by modem machinery 
m the Madras Presidency, I should say it is somewhat limited. In tlio 

f® , per cent \ he mads including many miles of provincial roads 
aie sa d to be unmetalled. In Madras, it is just the reverse owina f 0 the 
an y heavy rainfall and availability of metal in manv parts. The earth 
roads are therefore for the most part minor village roads which are generally 
nanou and run between wet fields or channels. The few main earth roads 
m deltaic tracks have large grown up avenue trees verv close to the margins 
precluding the use of graders. There is also a suspicion lurldn- fo °the 

"I 00 * b +° dieS tta th ® mtroduction of this machinery for earth roads 
is hkely to create unemployment among the rural population. I thank the 
authors of the papers once again and particularly Lieutenant-Colonel 
Y akely for his able and complete treatment of tlie'subiect I nkn toi-p 
to opportunity oi thanking him for the extrenSv'SHe ma„° “n 
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which he showed us all the works he had done illustrating everything in a 
clear manner at a very great sacrifice of time -and energy. 

Chairman : Unfortunately Colonel Wakely has had to leave and he 
will not therefore he here to reply ,ia person to the criticisms and sugges- 
tions made on his paper. They will however appear in the proceedings. 

I should like to express my personal thank's and the thanks of the dele- 
gates from Assam to Colonel Wakely for his most interesting papers and 
in particular for the perfectly fascinating tour he gave us in the North- 
West Frontier Province. (Hear, hear). 

Before 1 ask Air. Breadon to reply to the discussion on his paper, 
perhaps you will allow me to say a word or two about the use of road 
machines in Assam. Wo in Assam claim to be pioneers in this method 
of treating kucha roads as we call them. We have been doing it for many 
years and tile first road machine which I think ever came to India was 
purchased b\ myself. It was a sell-propelled contration. The machine 
was large and powerlul and it demonstrated quite definitely and at once 
that such treatment of earth roads would be practically revolutionary. 
It also showed straight away that it was totally unsuited to our conditions. 
Nearly all our roads are on embankments with very narrow crests, inter- 
rupted every mile or tw - o by timber or bamboo bridges and o\er the 
major rivers by ferries. We must therefore have machines that we can 
get across those bridges and ferries. \\ e find that the self-propelled 
vehicle is useless and we have concentrated on tractors. AVe made very 
extensive trials with various kinds of tractors. It is obvious of course 
that it is more economical and handier in the long run to have the who e 
fleet of one make. We tried Bates, Fordsons, Cletracs and several other 
makes. We have now not an entire fleet of caterpillar 25 which we have 
found so far the best suited to our requirements. I regret to say that 
we have up till now been unable to get a British tractor of the type 
we want. 1 Between ourselves, I think this is perfectly disgrace- 
ful. When I was at home last year, I was asked by a Aim ra 
England to sec a machine which they were developing for agricuhuia 
purposes at home. It seemed admirably suited to our requirements. It 
was 1 a Diesel engine and of about 50 horse power and was too large and 
heavv We^want something about 25 h. p. The attract on of this 
tractor to me was its type of track which had no track pms and no track- 
nin bushes which are the bane of our existence ra Assam. The t hack 
has hard rubber lock joints and it is claimed that those can be changed 
in half an hour without removing the track from the machine. I undei- 
Sa d that such a track has not yet been properly Ir ed out, but some- 
thin^ of that nature is clearly what we are on the look-out for m Assam 
n^'this question of G track-pin and track-pin bushes is a very acute «e. 
The conditions under which we work in Assam are in no way comparable 
S wlrni wi saw in the Punjab. Our machines have as a rule to work m 
mud or very damp road soils. 

In regard to what we term a road unit, I notice that in Mr. 
diagram °at the end o^hi^ £ 

w worked with one and make that tractor pull not only a planer, 

We have woiked «nn , , . Gts vou there quicker than 


we use 
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America, I understand, where they use these road-machines very exten- 
sively, they never use rollers. It ,is no good our scraping up the soil of 
a road if it is going to have a shower of rain in two or three hours after- 
wards and become a morass; therefore we have to consolidate the loosened 
soil at once. Our trouble was to get a roller made in such a way that 
it would take the camber of the road. Mr. Breadon has produced a triple- 
roller, it is merely three ordinary ballast rollers mounted in a steel frame 
and hung in spring axle boxes which permit them to follow the camber 
and unevennesses of the surface. If it is of any interest to any of the 
States or Provinces here represented, I will be very glad if they will write 
to us and we will let them have plans of the arrangements. It is an 
excellent machine and one of its attractions is that it does not have to be 
reversed hut can be yoked from either end. At a difficult river crossing, 
the rollers can be taken over individually. 


Now with regard to costs, I may saj at once that we are very ashamed 
that we in Assam have not produced a paper. But our conditions are so 
peculiar to ourselves that we were very diffident about it and doubted if 
it would have been oi much interest to the rest of India; climatic condi- 
tions in Assam may be similar to parts of Madras or Eastern Bengal but 
they are not comparable with those in the Punjab or N.-W. F. Province 
•or this part of the world. But with regard to costs, we have kept very 
elaborate returns of all the movements of our machines. It is however 


very difficult to arrive at a figure for the cost maintenance per mile. 
There are no two miles the same. In many cases our road train has to 
proceed several miles before it gets to work at all. You may have one 
mile of road which only needs one trip over it or you may come up against 
a mile of road which takes a machine a whole day to treat. There is 
therefore a great difference between the cost of the mile treated and 
the cost of the mile travelled. We have, however, devised a new return 
from the 1st of last April in which we hope to produce the cost of a mile 
heated, and therefore by the end of this year we ought to be in a position 
to give jou quite definite figures as to the cost of a mile treated. I think 
it was Mr. Brebner, yesterday, who cast doubts on the cost of their use 
in matters of supervision. Our difficulty lay in getting proper drivers and 
we are very much indebted to the caterpillar people for all the help and 
instructions they gave. After we had overcome to some extent the question 
•of drivers and crews, we found that the treatment of roads by these 
machines does reduce supervision costs. Bv these machines we are able 
to treat longer sections and thereby to reduce the number of sectional 
officers and tins overhead charge is one of very considerable importance. 
To my mmd there is no doubt whatever that the use of these machines 
on roads not only reduces the cost of maintenance but also the cost of 
supervision. With regard to another of Mr. Brebner's points that you 
•ehmmate any chance of pushing any responsibility on to the contractors, 

iSm Z S. ^ 

contractors but they really ore labour catchers. There csn ba no'mieatiS 
•of pushing any responsibility on to them. One thincr T ^ ,. 

* dm “ °” tl,e Tti “= to j°“ one- B anybody ™,ld like to see « 
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figures of. cost and will write to us in Shillong, we will be only too "lad to 
let him have copies of them or any other information. Again I express 
our regret that we have not produced a paper. I will now ask Mr. Breadoa 
tc» reply to his paper. (Loud Applause.) 

Mr. G. W. D. Bread on ( the Author of Paper No. 3): As regards the cost 
of grading I can say that the figures quoted by me in mv paper are quite 
correct. They were taken from cost sheets- I might add that from 
April to the end of November 1934 the average cost is Us. 57 per mile 
of road for' (development and Rs. 35/8 per mile for maintenance. 

The rate mentioned in the paper for constructing, or to be more accu- 
rate, for reforming old roads, does not include jungle cutting, removing 
roots, of trees and the like, but merely the cost of grader work. 

2. The reasons why road grading has not advanced in the Punjab, in 
my opinion, are : — 


(a) The lack of push by the Communications Board. Mr. Stubbs- 

was the only Secretary of that Board, who took a live interest 
in the work and who used his influence in getting district 
boards to resort to grading. 

(b) The disinclination of most district boards to depart from the- 

contract system of working. I do not wish to givp the 
reasons. 

(c) The obstructive, and I should say, the destructive tactics of 

Board Secretaries. 

(d) The inexperience of many district Engineers. 

3. It is quite true that difficulty and delay in obtaining spare parts 
have had a lot to do with the dislocation of work. I myself experienced 
much annoyance and I have proposed a remedy in paragraph 19 o>f my 
paper. Eormerlv Volkarts did maintain a large spare parts department in 
Lahore, but they incurred very heavy iosses and had to transfer all then- 
stuff to Bombay. When more Boards take up grading I feel certain that 
business firms will provide good service. 

4. The chief difficulty that a district engineer has to contend with is 
referred to in the concluding portion of paragraph 22. In the absence of 
suitable accounts rules, a troublesome secretary can occasion more annoy- 
ance and delay in the repairing of machinery and the settlement .of 
accounts than thd delay in obtaining spare parts. When the official 
Chairman is an experienced Deputy Commissioner things go smoothly in 
a District Board — not otherwise. 

5. Grading is a work that must be done depart-mentally, tbe grading 
staff working directly under the orders of the district Engineer. It is a 
work that no contractor can do. 

6. I can express no views on the soils of Madras, nor can I suggest- 
any special method of grading roads in that Province. 
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PAPERS NOS. 2, 5(a), 5(b) AND 6. 

Mr. D. Macfarlane, Chief Engineer, P. W. D., Punjab, in the Chair. 

Chairman : Gentlemen, I thinlc that the best arrangement for dealing 
-with these four papers is that which we followed with regard to the last 
two, that .is to say that as these four papers all deal more or less with the 
same subject, we will ask their authors Mr. Hunter, Mr. Stubbs and 
Mr. Adnmi to introduce their papers; hlr. Trevor-Jones is not here, but 
Mr. Stubbs will say what he has to say about this paper also, after which 
we will have a general discussion. So I now call on Mr. Hunter to 
introduce his paper if he has any remarks to make. 

The following paper was then submitted for discussion : — 
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{Paper No. 2.) 

The trend of development in the United Provinces in the matter of 

IMPROVING ltOAD SURFACES WITH SPECIAL REFERENCE TO RECENT EXPERI- 
MENTS. 

By C. F. Hunter, M. Inst. O.E., A.M.I.E. {India) Executive Engineer, 

United Provinces. 

Before about 1925 little was done in the United Provinces in the matter 
•of treating road surfaces, either with a view to rendering them compara- 
tively dustless or to increasing their resistance to wear. About that time 
.however tlio Local Government found that under increasing traffic, roads 
were deteriorating and the cost of maintenance rapidly going up. Most 
of highways in the United Provinces arc very old and the foundation, 
judged by modem standards, inadequate. 41 inches of large sized kankar 
is, in many cases, all that lias been employed. Up to about 30 years ago 
the traffic consisted almost solely of slowly moving bullock carts and the 
light Ekka. Money was fairly plentiful and a 41 incli renewal coat of 
kankar metal was applied to a mile of road as soon ns the surface begau 
•to show signs of deterioration. The result of this was a gradual building 
up of the road crust so that 32 to 35 inches of metal was not uncommonly 
measured. This was sufficient for all requirements up to that time but 
with the advent of the motor car, conditions changed. The soft calcareous 
lcankar which is the only material available generally in this part of 
India, is ill suited to resist, the wear caused by the passage of fast motor 
vehicles and the lives of miles began to shorten to an alarming extent. 

2. It was contended that if the roads were reconstructed, so as to have 
.nn adequate foundation, they would be boiler able to resist the traffic 
.and so in the loug run cost less to maintain. With this idea in view, 
schemes were prepared for digging up the existing roads entirely and 
reconstructing them with massive foundations. This was actually done in 
a few places but it was soon realized that tlio completo renewal of all 
•the old metal was only so much money thrown away and that there inu»t 
■lie n certain minimum thickness of crust that would bo cu indent foundation 
in itself to support nn improved type of wearing surface. Mr. Annette, 
the Bond Engineer of the Bombay Improvement Trust, who had many 
years of experience on bituminous roads both in England and in India, 
expressed the opinion flint 0 inches of an old stone or lcankar road was 
-ample foundation on which to place a bituminous wearing surface. Fur- 
ther, there was no absolute proof Hint lack of foundation was the cause 
of the brenk up of Hie heavy trafficked miles. It may have been due 
simply to the inability of water bound macadam to stand up to bullock 
cart traffic phis nn increasing proportion of fast motor traffic. This. theory 
was supported by the fact Hint many of the miles Hint showed, signs of 
-rapidly breaking up nctunllv had n crust on them of more than 32 inches. 

3. In the extensive scheme of road construction carried out in this 
province lietween 3925 and 3931 iho existing crust was made use of ns far ns 
possible, being thickened, where necessary, before the bituminous surface 
was applied. As regards the bitumen to ho employed Government had 
little previous experience ns the work that had been done up to that time 
'was almost negligible. There was apparently little to choose between the 
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.Residual and the Natural asphalts. Large quantities of Trinidad Asphalt 
had been used satisfactorily by the Bombay Improvement Trust but against 
this “Spramex” and “Mexphalt” were well known m England. Iu 
America, too, it was understood that the quantity of petroleum asphalt 
used was many times that of the natural asphalt. In the matter of the 
actual treatment, Government were no better off. For this reason tne re- 
construction programme from 1925 onwards included Premised. Asphaltic 
concrete ; Premised Asphaltic Macadam ; Grout, and surface painting. 

4. Here, perhaps a word should be said about tar. As far back as 
1924, a portion ot one of the must important thoroughfares in Lucknow 
(The Mall) was tarred over hanlar. It was again tarred in 1925, 1927. 
1929 and 1933. The road is very wide (30 to 50 feet) and the traffic 
is light, for bullock carts are not allowed. The census shows 86 tons per 
foot°width per 24 hours, mostly motor cars. Under these conditions and 
with stone grit employed on the surface, the road has been easily' mam- 
tamed in excellent condition. Unfortunately, under heavy cart traffic 
in other places, a similar surface has failed to last and has required: 
constant attention in order to keep it in good order. It must be lemem- 
bered that at that time the necessity for a regular application of tar m. 
order to keep the surface from becoming dead was not understood. It is- 
furtlier probable that the tar available was not of the quality and as- 
suitable as that available today. Bitumen, where it had been tried had' 
not exhibited Anything like the same tendency to break up nor did it 
require the same constant attention. Th e result was that' tar was consi- 
dered to be inferior for surface painting work. 

5. To return to the Bitumen for a while. Some of the earliest work 
was done with natural asphalt but unfortunately it soon appeared that 
this had an unfortunate shortcoming. 1 refer to the manner in which- 
it softens under heat and the excellent lubiicant that it then forms 
between the particles of aggregate. In asphaltic concrete work the surface 
gradually became exceedingly lumpy so that passing over it at any speed- 
was most uncomfortable. In Grouted work, for the same reason, it worked 
up into ruts where it was subject to heavy concentrated bullock cart 
traffic. It was at first thought that this last defect was due to seme 
weakness of the sub-grade but on cutting a section out of a defective road- 
it was at once apparent tlint the trouble was the actual displacement of 
the asphaltic concrete crust. The same defects showed in painted surfaces, 
in the hot weather. They bled badly for the first year or two and lequired. 
constant gritting which led to the formation of "a lumpy surface. The 
comparative freedom of the residual bitumens from this trouble gradually 
led to natural asphalt failing into disfavour thus leaving the former ns 
the most favoured preparations. Indeed, so well have they behaved on 
the whole that it will be found that the majority of our engineer officers 
prefer to work with either “Spramex” or “Soccony Asplialtum” Mr 
surface painting. 


6. Grouting work with , petroleum bitumen has in some places shown 
the tendency to . rut . as residual, but there are some very successful miles 
of this construction in existence including that on a narrow bridge on the 
Grand Trunk Koad and carrying the traffic in and out of Delhi. A neater 
test you could not wish for but the defect did not appear. Apart from- 
tffis, however, the satisfactory behaviour of the painted surface costing a 
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matter of Es. 1-4 to Es 1-8 per square yard compared with grout at 
Es. 3-4 led to the' adoption of surface treatment with the residual bitu- 
mens in practically all cases where the expense of conorete was not 
warranted. Emulsions of these materials have been tried but they have 
not been found to be economical as they do not give the same wear. 

7. After the reconstruction programme referred to above had been 
practically completed and some experience had been gained as to the pro- 
bable cost of maintenance of the various surfaces, the Chief Engineer of the 
United Provinces was able to review the economics of the treatments. He 
•calculated for various surfaces the annual sum that would be required to pay 
. oif a loan equal to the cost of the wearing coat in equal instalments over a 
period of years equal to the life of the wearing coat at 5 per cent, interest 
and added to it the cost of petty repairs. This gave o basis for comparison 
.and enabled the minimum economic life for any form of treatment to be 
cot /elated with the life of the original water bound macadam. The table 
at the end of this paper (Appendix I) gives the result of his investigations 
and the following we the conclusions that he was able to draw from 
them :—• 

(а) Cement concrete . — Tho 14 miles ou which the calculations were 
based were originally water bound stone requiring 19' 456 annas per sq. yd. 
for renewal on the average once in 5 years and an annual expenditure on 
ordinary maintenance of 0'997 aunas per sq. yd. This gave a total annual 
cost of 5*491 nnnns per sq. yd., therefore to be economic, the life of eon 
Crete costing 92-832 nnnns and assuming annual maintenance of 0-136 
.annas per sq. yd., if wholly renewed, would have to lie over 40 years. 
The life of the macadam replaced by concrete was actually nothing like 
o years. In some eases it was one year and at the outside three years 
-or on the average 2 years. The fact that these miles were not renewed 
.for 5 years means that the road was passable, for 2 years and impassable 
for 3 years and it was for this very reason that concrete was tried. A 
.reference to the statement will show Ural for a two year life and three 
year life of a water bound road, the economic life of concrete is twelve 
and eighteen years respectively. Such a length of life is well within thp 
bounds of possibility, ns some concrete on the Ivathgodam bfninital road 
lins already been down fifteen years. 

A point- to bo remembered in this analysis is that it is based ou the 
assumption that the whole of the concrelo would have to bo renewed at 
the end of twelve or eighteen years, but in all probability this would not 
•bo the case, and it would only bo necessary to lay a 3 inch coat or- some 
other form of surfacing, in which case tho required or economic life could 
•be considerably less. In the absence of sufficient data, however, it is pre- 
ferable to assume that the whole thickness will have to be renewed. Tho 
■conclusion is that for a watorbouud road, the annual maintenance cost 
•of which is over 8 annas per sq. yd., it is more economical to use cement 
concrete. 

(б) Premix . — Tho calculation was based on 6 miles for which we esti- 
mated that we should require average renewal nt 16*892 annas per sq. yd. 
once in 4 years and yearly maintenance at- 0*558 annas per sq. yd., giving 
annual cost of 5-322 nnnns per sq. yd. To ho economical, premix costing 
78 713 annas per sq. yd. would have to have n very long life. Even for 
a three year life of water bound, tho life of premix, assuming a resenl evei-y 
-.5 years at 4 ’145 annas and yearly maintenance at 0*113 annas per sq. yd. 

• IT 
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would have to be 21 years to be economic. For a two year life of water 
bound, it would have to be 12 years. It is out of question to put the life 
of premix at 21 years without renewal whilst if the life of uater bound 
macadam is only 2 years, it is doubtful whether premix would stand the 
traffic and it would be preferable to lay concrete at slightly higher cost. 


(cl Grout T R. A. and Mcxphalt .— The calculations were based on 
12 miles of T. R. A. and 18 of Mexphali. The estimated cost of renewal 
was 15-477 and 14*979 annas per square yard once in 5 years with annual 
maintenance at 0-721 and '764 annas per sq. yd. respectively. The annual 
cost worked out to 4 '290 and 4 '224 annas per sq. yard respectively. To be 
economic the life of grout T. H. A. and Mexplinlt costing 52 ‘128 and 
45-582 annas per sq. yard for renewal and ‘140 and -166 annas per sq. yard 
for maintenance respectively, would have to be excessive, but if the life 
of water bound is taken as four or three years the corresponding economic 
life would have to be as follows : — 



Resoal every four years. , 

Ro-onl overy three years. 

Water Bonnet. 

T. R. A. 

• l 

[ Mtocphalt, » 

T. R. A. 

Moxplinlt. 

4 

24 

i 

20 

20 

24 

3 

15 

13 

1C 

14 


From the above table it will be seen that the longer the period between 
repaints, the shorter the necessary economic life. It is very doubtful 
whether grout will last over 20 years and it remains to be seen if it 
lasts 16 years, and if it does, it nwv be workable substitute for macadam 
costing for maintenance between six and eight annas per sq. yd. 


(d) Paint. — Calculations were worked out on (i) 8 miles which had 
received a second coal of paint and (ii) 11 miles of painted road between 
Agra and Mainpuri. In the former case the cost of resurfacing, yearly- 
maintenance and average life was estimated at 17-928 annas per sq. yd.; 
0 Sol annas and 0 years. This resulted in an annual cost of 4*303 
annas per square yard. The actual cost of water bound macadam 
worked j out to 20'523, first coat of paint to 8*595 and the second coat 
lo 4 /85 annas per sq. vd. Here again the question of the period of 
repaint lias to be taken into consideration: the actual average worked out 
ior the period between 1st and 2nd coats came to 2?. rears, but there 
were many instances where the paint lias been down 3 years without- 
?. second coat, therefore it seemed safe to fix the period between 1st 
and 2nd coat? as 2 years and between 2nd and 3rd or subsequent coats 
us 3 years, in wlucli case tile economic life would have to be somewhere 
between 14 and 17 years, whilst if the period between ■ 1st and 2nd' 
subsequent coats of p amt was taken as 3 Tears the economic life would 
have to be somewhere between 15 and IS years, compared with 0 year 
life of water hound. A pom„ to note however was the cost of water bound 
resurfacing which had gone from 17-928 to 20-553, and if the latter figure 
was taken in calculating the annual cost of water bound then n 14-j* ar 
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life of the painted mile would have been definitely economical, and 
there was no reason why painted miles under moderate to light traffic 
should not lost this period. In the second case our estimate of require- 
ments allows 14'32l for renewals 0747 for petty repairs and an average 
life 4 years. The actual cost of resurfacing worked out to 16-524, first 
coat paint to 7-729 and second coat to 4'162 annas per square yard ; 
and allowing a period of 2 years between the first and second coats and 
3 years between second and subsequent coats, the economic life could' 
be as low as 31 years. 

Summing up the results ns far as information was available at that 
time, it appeared that: — 

(a) When the life of a water bound road was only two or three 
years and the nun uni maintenance over 8 annas per sq. yd. 
it was economical to lay concrete. 

({>) When the life of a water bound road was three to four years 
and the annual charge between G to 8 annas per sq. yd. it 
might be economical to lay bitumen grout. 

(c) When the life of a water bound road was 5 to 6 years and the 
annual cost between 4 and G annas per sq. yard it would 
he economical to paint the miles. 

8. During the period that I have referred to above we had no reliable 
returns of traffic to enable us to form a correct estimate of the loud per 
foot width that surfaces were being called upon to carry and there is no 
doubt Hint in some cases they were called upon to stand more than they 
were capable of. 

Since 1932 we have been taking a regular census at ill important 
points on our communications and it has been jjossible to gum some idea 
as to wlial a puinted surface executed with the good materials is capable 
.of standing. We have a few miles standing 150 tons of bullock carts 
per foot of width per 24 hours. Other traffic is neglected us not appre- 
ciable effecting the wear. The miles in question are mostly “Sprninex” 
either alone or in conjunction with other materials. The above figures 
ora no doubt exceptional. Fr.om my personal experience I should fix 
80 tons per foot width per 24 hours ns the limit that can safoh be carried 
by this form of surface, particularly where bullock carls fitted with narrow 
non lyres are employed. It has been calculated that the load under the 
narrow iron tyres of a bullodc cart loaded with bricks may be as much 
as 8 tons per linear inch and this combined with the twisting action nn 
the wheels, due to the manner in which these carts progress, gives a set 
of conditions that it is very hard for a road surface to stand up to for 
any length of time. In this connection it must he remarked that when 
loaded bullock carls use one side of the road only ns in passing from 
brick kilns to a town, this fact must be allowed for in calculating the 
intensity. 

It is difficult to see k how the gradual development of brittleness in tar 
is to be combated. It has been stated that in America the use of tar is 
dying out for this very reason. It has been suggested that provided the 
tar is kept from contact with the nir, the process should not- take place 
and that nn application of bitumen over a tarred surface should have the 
effect of sealing it in such a manner ns to make it impassible. It is 
certainly true that in certain places where bitumen has been applied over 
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tar, as two coat work, in the past, defects that might be attributable to 
tiie hardening of the tar have not developed and the r,oad s have stood 
remarkably well. This, however, is not conclusive for subsequent work, 
■carried out to the same specification— Experiment (li) (i)— has not shown 
the same degree of success. 

9. With the assistance of the Government of India the following 
experimental work with tar has been carried out in the Lucknow and 
Cawnpore divisions, with the object of again trying tar, cither by itself 
or in combination with bitumen, and of comparing its behaviour with that 
of work carried out in the latter material only. In Lucknow various 
premixed carpets have been tried under probably the worst conditions 
that are to be found in the vicinity, for the road cairies intense brick 
Liln traffic. This, according to our traffic census is about 144 tons per foot 
width of travelling surface per 24 hours but ns the road is 1G feet wide 
nearly all the loaded carts use one side only. If they nil did this the 
figure of the intensity would "iso to about 220 tons per foot. It was 
realized, befe'e the werk was started that the traffic was probably too 
heavy for any thing but conerjte and the representatives of the Burma 
Shell Co. did rot like the idea af putting tlieir material down under such 
destructive contitions. It was houglit, however, that ns a test of relative 
durability, tlie experiment shoi d be of considerable value. 

The following is a description of the various, experiments : — 

(a) li inch pit mixed macadan > carpets with both good stone and good 
kanhar as an aggregate and with both Xo. 1 and X o. S SlinVraar Tai. In 
small lengths a filler of 2J per cent, of eoal dust was also added . — All this 
work was laid to a specification that had been used in the Punjab but none 
of it was a success. The surface began to disintegrate practically ns soon 
as the work was finished. Indeed in tlie case of work done with No. 1 and 
thinner tur, the disintegration was so rapid that no attempt was made 
to seal the surface or to save it in any way. It was dug up and water 
bound put clown in its place. It may be mentioned that it was not 
observed that the presence of the coal dust filler made the slightest 
difference. The specification to which this was carried out included the 
laying of tlie premixed material on the loose reenmbered surface of the 
old road and al=o the use of copious water during consolidation. It, is 
believed that both these provisions mitigate the chance of a properly 
consolidated carpet being obtained. In the first place mud and fine 
materia] work up from the bottom and soil the tarred surfaces of the 
aggregate in such a manner as to prevent proper cohesion. In the 
second, the use of water appears to have a detrimental effect upon the 
tar. The former conclusion is supported by the fact that in a short length 
where the old surfr.ee was consolidated by mistake tlie result appeared 
to be better; the latter is supported by the fact, that, on digging up a 
defective portion of the carpet subsequently, the subgrade showed 
distinct traces of what appeared to be oil. 

(f>) -4 Si inch carpet, of stone mixed with Xo, S tar to a specification 
supplied by the Shall mar Company . — The stone used in this case vas 
•2 inch Gneiss in the under coat and 4 inch to fl J . inches of the same 
material in the top coat. It may be mentioned that this variety of stone 
was used in all the subsequent experiments. Tlie tar was No. 2 Shalimnr, 
2?> lbs. being used per cubic foot of the coarse material and 3 lbs. in the 
case of fine. After mixing, which was done in a simple form of rotary 
hand mixer, the material was matured in bulk for 10 days though the 
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company subsequently (and too lata) asked that it he laid hoi. After 
maturing it was laid and rolled in the usual manner. The original instruc- 
tions as to sealing this were that it should be done after two months 
but signs- of the surface becoming loose became apparent and, at the 
suggestion of the Executive Engineer, the seal was applied after 3 
weeks only. This seal was formed by applying -23 gallons of No. 2 tar 
per square yard and gritting with £ cubic foot of i inch to 5/8 inch 
chips. After sealing, the surface appeared to harden satisfactorily but 
at tlie time of writing (5 months after completion) signs of hreakinn- up 
are appearing and it is doubtful whether the road will last another 5 six 
months. 

(c) A 4% inch Shclmacadam carpet to the specification of the Burma 
Shell Co. — Here the under coat was of 11- to 2 inch metal. The bitumen 
mixture was composed of 2 drums of “shelmac” to 4 of “Mexphalt” 
and the material was laid hot straight from the machine mixer, 10 lbs. 
of bitumen being used to coat 3*75 cubic feet of ballast. The seal coat 
was laid immediately % inch to \ inch chips being employed with 12 lbs. 
of bitumen mixture to each 3‘75 cubic feet of stone. The composition 
of the mixture was the same as above. The behaviour of the carpet 
showed that the Company’s misgivings were well founded for signs of 
disintegration appeared six weeks after the work was completed and 
at the present time the process is complete. 

(cl) A 3 inch carpet of “ shelcrcte ” to the specification of the Burma 
Shell Co. — In this treatment no seal was employed but an effort was 
made to obtain as compact a mass as possible by filling the voids of the 
large aggregate with coarse sand which was obtained from Badnusa. 
Two cubic feet of coarse aggregate were used to one of fine, and with 
each batch of 8 cubic feet was mixed 15 to 16 lbs. of a bitumen mixture 
composed of 1 drum of “shelmac” and two drums of “Mexplmlt” (20/30 
penetration). A machine mixer was employed and as advised by the firm, 
the coarse aggregate was coated first with a portion of the bitumen after 
which the fine aggregate and the balance of the bitumen were added. 
The mixture was laid direct from the mixer as before and after completion 
the surface presented a very compact appearance. At the present time 
there are no signs of disintegration though the work has been down 1 
months. 

(c) 11 inches of " Shelsheet” to the specification of the Burma Shell 
Company. — This specification was put forward by the company as a 
substitute for cheap Icankar surface and not as being capable of stand- 
ing very heavy traffic. It was accordingly not tried next to the surface 
previously mentioned but where the road was subject to comparatively 
Light traffic and beyond the limit of the brick kilns. The situation is 
representative of hundreds of miles of main roads to be found in tlie 
United Provinces. The actual intensity of traffic is only 40 tons per 
foot width of travelling surface and such as a tar painted surface would 
easily stand. 

The process aims at obtaining the most compact mixture of aggre- 
gates possible in this case, using the most economical materials avail- 
able, the following material was recommended and employed; — 

1 inch to 4- inch stone ohips ..... 2 cubic feet. 

Badausa sand previously mentioned .... 1 cubic feet. 

Fine micaceous sand from the local river (the Gumti) 1 „ 
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■With this was used 2G lbs. of bitumen mixture (2 Mcxphrdl to 1 
"Shelmnc”) the same precautions being taken as m the ease ol the 
“Shelcrete” to ensure that nil the aggregate was properly coated. The 
lrnterial was laid hot, tlie old kankar surface having been gi\eu a 
lacltin" coat of Fuel Oil and residual bitumen tne day 1 m lore, ilie 
length°Iaid was only about 100 feet ns the monsoon set in and stopped 
further work. The small amount, of work done has probably raised the 
cost somewhat. The surface is standing excellent !y. At the time of 
writing it lias been down about four months. 

The cost of these carpels is given in Appendix II. 

10. In I’uwnpore the experiments were confined to suriace painting 
•either with tar alone or in combination with bitumen. In one of the miles 
one half was treated with tar to j> specification that had been used in the 
Punjab and the other half to a specification that had been recomm«.nded 
from Peshawar. In a second mile combinations of tar and bitumen were 
tried, both in separate coals and together in cm; coat. A third milt was 
tarred using a filler of coal dust in various proportions in the second coat. 
<is this combination is Known to have been used successfully in France. 
Further, with a view to trying a cheap gritting material, cinders wero 
used in some lengths so as to be able to compare with those gritted with the 
more usual stone chips. In each case the surface was first renewed by 
scarifying, recambering and spreading a thin coat of new metal, 12,000 c.ft. 
was used for a mile of 12 foot road and 10,000 for n mile of 10 foot. This 
is a form of cheap renewal that lias been advocated by the Punjab. 

11. The following is n description of the experiments in some detail; — 

(/) Painting to Lahou and Peshawar specifications .' — The Lahore 

specification for tarring allows onlv one fifth of a gallon per sq. yard of 
Tar No. 2 in the initial coat whilst the Peshawar allows three-tenths of 
Tar No. 1. If was found difficult to use the smaller quantity. As has 
been the experience in other parts of this province, the quantity of material 
that, you use depends on the 'denning. Where a friable material 
has been used for blinding in the water bound coat, the operation of clean- 
ing removes the same to a considerable depth below the surface of the 
xnetni and you cannot gefc on less than about one quarter of n gallon per 
sq. yard. In this ense it was found to he impossible to get on less than 
0'2G gallon. Trouble was also experienced owing to the blinding material 
used having been knnknr finin'. It has boon found elsewhere that the very 
fine dust resulting from the pulverizing of that material gives rise to trouble, 
not only at the time of pouring but also after the work has been finished. 
It pi-events the proper adhesion of the tar to the stone. At one place in 
the Province where both knnkar bnjvi and Delhi moorum were used in 
adjacent work the difference jn behaviour was very marked. 

The Executive Engineer in charge of the work also recommended that 
an interval of about an hour should he allowed to elapse between the pour- 
ing of the tnr and the subsequent glutting as he was of the opinion that 
this would allow penetration of the former into the road and also bring 
about a general evening up of the thickness of the coat. The Traffic which 
this work has to stand is light, being only 37 tons per foot of widtli per 
24 horn's. 

Both the experiments have worn satisfactorily but the condition of the 
surface indicates that a second coat, of tar is now due (about 0 months 
•after the first). This is now being given. The larger quantity of No. 1 
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tar used in the Peshawar specification certainly appears to give "ood 
penetration for an examination showed that this' had occurred to a depth of 
i inch below the original depth to which the surface had been cleaned. 
It does not, however, make such a good wearing surface. It remains to be 
•seen how the two experiments behave after the application of the second 
coat. 

(g) A mixture of lo per cent. Mcxplialt of 20/30 penetration ' end So 
per cent, of No. 1 Tar . — The application calls for no special comment. 
0'33 gallons of the mixture were used per sq. yard and 0*3 of a cubic foot 
-of chips. 

The mixing of the Mexphalt gave body to the Tar and the surface is 
wearing well though at the present time (about 9 months after completion) 
it is in need of a second coat. The mixture appeared to give a better wear- 
ing surface than was obtained by the application of a similar quantity of 
bar No. 1 only as described in experiment (f). It appeurs. therefore, that 
.a suitable combination would be Tar No. 1 in the first coat on account of 
its superior penetrating qualities and the above mixture in the second, on 
account of the superior wearing surface that it appears to give. 

(h) An application of Bitumen over a coat of Tar . — The application of 
two separate coats in this manner lasted very well in Bareilly. Three 
different combinations were tried: — 

(i) 0 5 gallon 'of “Spramex” over O' 3 gallon of No. 1 Tar, the 
application being made after 24 hours. This was the Bareilly 
specification referred to above. 

(it) O' 25 gallon of “Spramex” over 0'2 gallon of tar with an interval 
of 10 days under traffic. 

(iii) 0‘2 gallon of “Slielmac” over O' 3 gallon of No. 1 Tar with a 
10 days interval. 

Each of the above operations consisted in the application of two 
separate coats in each coat the same quantity of grit was used i.e., 0'3 
cubic foot per sq. yard. 

Two months after completion it was noted that in all three cases the 
surface cracked, apparently clue to the material on the surface having 
hardened whilst the layer of tar underneath was still soft. There was also 
a tendency for patches to come clean off taking part of the stone coat with 
them. The defects were less noticeable in (iii where not only was less 
material used but an interval allowed to elapse between the application of 
the two coats. In (Hi) the defects were very marked indeed. It seems 
certain that if work of this kind is to be done nt all the tar coat must be 
allowed to harden to, a desirable degree before the bitumen coat is applied 
though a smooth surface to the bottom layer should be avoided. 

The road is 10 feet wide and carries a traffic of 115 tons per foot width 
per 24 hours. 

At the present tim^ the surface of Nos. (i) and (») is much better than 
one was led to expect ’from its early behaviour as it has hardened up and 
is expected to last for another year or so. No. (iii), in which the 
“Shelmac” was used, is breaking up. The Executive Engineer in charge 
is of opinion, however, that the treatment would be a success if a couple 
of months were allowed to elapse between the applications so as to avoid 
the presence of a hard bitumen surface on a comparatively soft underlayer 
of tar. 
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(i) Tun coats of Tar , the fust bring of tai only and the irennj of fur 
with a filler of coal (hist in various jnopoi lions. — A clu «ph icnewed roacl 
■was operated on as before but in thi« can 1 it "'as opened to traffic lor Fix 
months before being treated ill order to allow the metal to .-'.abilita*. The 
first coat of No. 3 Tar was at flic rate of 0'2!> gallon per mj. yard with 
0-2 c.ft. of grit. This was allowed to remain under traffic for about a year 
when thft second coat containing tie* filler applied. The s cue tar 

was used, the amount of filler varying from 10 to 33 per cent. . Turtle') - , 
in some cases cinders were used for gutting instead oi stone chip'- r iho 
coal dust was passed through a 30 bv 10 mesh screen and mixed with the 
tar in the boiler. A power dmen mechanical mixer was employed and 
it was observed that the coal dust tended to settle unless continually 
agitated. 

The road on which this was tried was close to that of experiment //), the 
traffic being the same, ».r„ 37 tons p*.r foot width of travelling surface. 

At the present tune the voik has been down about six months and it is 
not possibly to detect any difference between the portion in which stone 
chips were used for gutting and that in which cimleis were used, t'iudcis 
at J!s. f> i>er hundred cubic feet appear to be standing as well as stone 
chips at Jfs 30. The u-e •>( coal dust causes a distinct improvement in 
the adhesiveness and viscosity of the tar. It was found to hold mors 
grit than the neat material. 

The cost of these treatments is gh>n m Appendix III. 

12. From the results of tlu’se experiments it would appear the! as far 
as carpets are concerned and for sheer ability to stand tip to intensive cart 
traffic the most durable material ot tlm^ tried is "ShelcM"". Next 
in order come the '‘Shnhmui” tar carpet, ''Slulmavadam”; and finally 
ordinary premixed macadam bud to the Punjab specification. Whether 
carpels will ever be developed which will compare economically with 
concrete under bullock cart traffic ) cumins to he seen. 3t certainly 
appears that the most compact will be the most durable and the cost of 
tlie aggregate will then be much the same ns if a cement matrix was 
employed. The difference in cost as ill be small. It remains to be s> eu 
what ratio the li\ - es Avill hear to one another. 

For surface woilc it is a little early to draw conclusions but No. 1 Tar 
appeal's to be indicated in the initial coat on account of its superior 
peuelvnting properties. A second coat of 85 per cent, of tar No. 1 and Iff 
pev cent, of "Mexphnlt” would appear to make a good combination. In 
any case the first coat should be allowed ample time to harden. On the 
question of the use of coal dust as « filler and of cinders as a gritting 
material it is n little early to express an opinion. Finally it. must be 
remembered that some oi this experimental Avork lias not been fhiouph 
extreme heat and cold combined Avith traffic. This is one of the "rente’st 
tests that can he applied to surfaces of the nature of those Avith which this 
note deals 



Appendix I. 

Lives of various types of improved surface equivalent bo those of water bound macadam. 
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Appendix: II. 
Detail of cost. 


(Carpets.) 


Carpels. 

j Cost of 

1 material 
in annas 
r er 

sq. yd. 

Cost of 
laying in 
annas per 
sq. y<l. 

Misojlla. 
neous 
charges 
in annas 
per 

sq. yd. 

! 

Total cost 
per 

sq. yd. 

Romarks, 

: 

■[a) I. — 11' water bound stouo 
'premixed with tar 
No. 1 • 

11-1 

5-2 

2-4 

Rs. n. p. 

1 2 9 


II. — 11' witter bound 

stone premixed with 
tar No. 1 and with 
filler . . 

11*3 

3*3 

2-4 

1 3 2 


HI. — 14’ water bound 
stone premixed with 
tar No. II 

11**3 

5*3 

2-4 

1 S 0 


IV. — 1 water bound 

kanknr premix with 
tar No. I 

11-4 

(1-0 

1-S 

1 3 3 


V. — 11' water bound kan- 
knr premix with tnr 
No. 1 and with filler 

11-7 

O' 7 

1*7 

1 3 0 


VI. — 14' water bound 
kanknr premix with 
tnr No. II 

11-7 

3-S 

1-S 

1 3 4 


(6) VII. — 21' premix carpet 
to Shalimnr specifi- 
cation . 

10- C 

7-1 

1*1 

1 14 10 


<e) VIII.— 4' Shell macadam 

30-7 


, # 

2 10 C 


-(d) IX. — 3' Sholcreto . 

3S-0 


.. 

2 14 3 


(c) X.— 1J' Shclshcct . 

43- D 

G-I 


3 2 0 

1 
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Appendix III. 

Costs. 

(Surface Treatment-) 


Experiment. 

Nature of Experiment. 

Cost per yard. 

(/) 

Lahore specifications of Tar Painting only 1st coat with 
Tar No. 2 at -20 gallons per sq. yard was given in 
March 1934 

Rs. a. p. 

0 5 3-58 

(/) 

Peshawar Specification of Tar painting only 1st coat with 
Tar No. 1 at 0 • 31 gallons por sq. yard has been given 
in March 1934 ....... 

0 5 6-6 

id) 

Painting with a mixture of Tar No. 1 and Mexphalt in the 
ratio of 85 and 15 at 0-33 gallon por sq. yard . 

0 5 6 

<*) 

1st coat of Tar No. 1 at 0-32 per sq. yard 2nd coat Spra- 
mex at O' 5 gallons per sq. yard (Bareilly Specifica- 
tion) .......*» 

1 0 4-0 

•W 

1st coat of Tar No. 1 at 0-2 gallons 2nd coat spramex at 

0 ■ 25 gallon per sq. yard ..... 

0 9 4 

{!,) 

1st Coat Tar No. 2 at 0*2 gallons por sq. yard 

0 8 10 

<i) 

2nd coat Sholmac at 0-2 gallons per sq. yard. 

1st coat tar No. II nt 0-29 gallon per sq. yd. and stone 
chips . ....... 

0 4 10-04 

w 

Second coat with Tar No. I and II mixed with various 
proportions of coni dust and blinded with grit and 
cinders as detailed below : — 

Tar No. II with 10 per cent. Coal Dust and cinders 

0 2 10-57 

■(0 

Tar No. II with 10 per cent, coal dust and stone chips . 

0 4 4-5 

w 

Tar No. 1 with 20 por cent, coni dust and cinders . 

0 2, 8-07 

(0 

Tar No. 1 with 20 per cent, coal dust and stone chips . 

0 4 1-90 

(0 

Tar No. 1 with 25 per cent, cool dust and cinders . 

0 2 9-24 

w 

Tar No, 1 with 25 per cent, coal dust and stono chips . 

0 4 3-07 

(»■} 

Tar No. 1 with 35 per cent, coal dust and cinders . 

0 2 8-21 

M 

Tar No. 1 with 33 per cent, coal dust and stone chips 

0 4 2-04 
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Mr. C. F. Hunter ( the Author): Mr. Chairman and gentlemen: Paper 
Ko. 2 describes the general trend of development in the United Provinces- 
and it gives a description of some of our more recent experimental work. 
It appears to me that one cannot have greater assurance of the soundness 
of a particular line of action than to find that a similar one has keen 
adopted elsewhere to meet similar conditions. Ifi on the other hand, 
it is found that a different line oi development has been followed, tnen 
much will probably be learnt by studying the reason for the difference. I 
have, therefore, described as simply as possible the factors which have 
led us to adopt mainly surface painting for our roads and that with 
petroleum bitumen. Though most of us here this morning are engineers 
yet unfortunately we aro also men and one of the attributes of the human 
race is a tendency to act ralber like sheep. This is, 1 think, one of the 
things to guard against. It is so easy and natural at times to follow a 
certain treatment or line of action because it is known to have given you 
satisfaction in another part of your own province with the result that we 
may be led to develop on our own lines when there are others which are 
just as good, perhaps better. One of the main objects therefore in writing 
this paper is to elicit the experience of engineers in other parts of India 
where conditions may he similar to those with which we have to contend 
in the United Provinces. Before I conclude, there are two points which 
1 should like to make clear. As regards the carpets which you trill find 
dealt with in paragraph fl of the paper, on my way here T came over that 
stretch of road and excluding the Shelshcet which is not laid under (he 
same condition*, the only carpet which has given satisfaction is the 
Shelcrete. This was put down some (imp in the hot weather; so that t 
it has been down for about six mouths now under the heaviest traffic which " 
we can find round Lucknow. The second point is that unfortunately it 
has not yet been used to any great extent and the costs that I have siren 
are only those of short experimental lengths. They may serve to give 
some idea as to the relative cost for the different methods of construction 
but it must not he taken that work in quantities would cost in the same 
proportion. I daresay you spend ns much ns 20 per cent less in long 
lengths. You all know how much time is wasted in getting a move on 
in the initial stages. Our lengths were very short. In one case it wns- 
one furlong and in the other case even half a furlong. 


The following papers were then submitted for discussion. 
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[Paper No. 5 (a).] 

Being a Paper* Contributed for the 1934 International Road CongresB. 

Progress made in the use of tar and bitumen in the Punjab since the last 
International Road Congress in Washington in October 1930. 

By 

S. G. Stubbs, O.B.E., I.S.E., Officiating Road Engineer •with the 
• Government of India. 

Maintenance of provincial metalled roads in the Punjab. — The area of the 
Punjab is approximately one hundred thousand square miles and its popula- 
tion is 231 millions. Apart from the needs of motor transport which arc great 
adequate facilities for the transportation of agricultural produce to markets 
by means of bullock carts are of still greater importance, as the prosperity of the 
province is dependent to a very large extent on the prosperity of the agricul- 
turist. The Punjab has long recognised this important fact and also fully 
realises that under the combined action of motor and bullock cart traffic plain 
water-bound is the most expensive type of surface to maintain and that there- 
fore the improvement of such surfaces to render them more suitable to the 
•present day traffic conditions is an economic necessity. 

2. A comprehensive programme has been framed with the object of surface 
painting or otherwise improving the entire milage of provincial metalled roads 
•within the next few years. There are some 3,850 miles of metalled roads in the 
provinctf'of which 2,71 O' are provincial (that is under the direct control of the 
local Government) and 1,140 miles are maintained by District Boards. In 
addition to this, there are about 6,000 miles of earth roads in motorable condi- 
tion. This paper deals with the 2,710 miles of provincial metalled roads. Of 
this milage, 1,030 are still water-hound macadam, 1,600 surface painted, 70 
miles grouted with bitumen or a mixture of tar and pitch and 1 0 miles are of 
premix work, referred to later on. In many parts of the Punjab stone 
metal is very expensive ranging as high as Rs. 40 per 100 c. ft., and a very 
significant feature of the grouted work is that in about 10 miles out of the 
70, the aggregate consisted of brick metal broken from hard burnt bricks, the 
results obtained being very satisfactory. Though grouting has on the whole 
proved very satisfactory the initial cost, even using brick ballast as aggregate, 
was far too high to permit of improvement of road surfaces in this way 
•to any great ■ extent. A very much cheaper method had to be devised, 
and up to the present time the main treatment adopted for the improvement 
of water-hound surfaces was and is still surface painting with tar, and this has 
•produced surprisingly good results even under really heavy (for India) traffic 
conditions. 

3. Tarring of roads was first started in the Punjab about 1914 far more 
with the object of reducing the dust nuisance than anything else, and it was 
Jiot until about ten years later that it began to be realised that the greatest 

*Noie. — The paper has been somewhat curtailed and altered by the elimination of 
•natcrial not necessary for a body of Engineers in India. 
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benefit derived from tarring was tlie reduction of maintenance costs. It was. 
found even on roads carrying very heavy traffic that once a road was tarred,' 
the underlying metal appeared to last indefinitely. The following few examples, 
appear to justify this conclusion. 


Name of road. 

Date of rono- 
wal. 

Dato of first 
tarring. 

Present condition. 

1. Mall, Lahore — 




Part 1 . • . • 

Pari 11 . a a . 

.. loio-iei 
.. 1910-17 J 

Shortly after- 
wards. 

Paint coat applied annu- 
ally. No sign of raotal 
wearing. 

2. G.T. Road Miles 313-314 

.. 1913-14 

1916-17 

Do. ^ 

3. Mayo Road 

1923 

1923 

Do, 

4. McLeod Road 

1925 

1923 

Do. 


Note. — Roads Nos. 3 and 4 cany exceedingly lioavy bullock cart traffic in addition' 
to heavy motor traffic and both load to the Lahore Railway Station. 

4. Though it was fully recognised even as early ns 1924 that tarring done- 
on an extensive scale would result in a large saving on the maintenance of' 
metalled roads, tarring could only he carried out to a very limited extent on 
account of the lack of funds. This was due to the fact that the general prac- 
tice was to renew with 4i inches or nearly 4i inches of metal and to apply a 
coat of tar every year after the initial application had been made. Thus, if' 
the average number of miles to be renewed every year were not reduced, and 
this waB impossible without lowering the standard of the surface, the milage 
of new tarring that could be undertaken annually became less nnd less unless- 
bigger road grants were forthcoming and ns this was most unlikely the very 
item of work, namely tarring, that was so necessary in order to reduce the 
maintenance expenditure on metalled roads could only be carried out on a 
very modest sca'e. In the year 1927-28 there were only 73 miles improved' 
water-bound surface (including tar painting) out of a total of 2,150 miles and it 
happened that at that time there was a very large increase in motor traffic 
with the result that the surfaces of metalled roads were being torn to pieces, It 
therefore seemed clear that unit ss the cost of renewals could be considerablv 
reduced in order to permit of more extensive tarring, metalled roads would 
soon become impassable. Extensive experiments were carried out from about 
1926 to 1930 and as the result of these it was definitely established that, if 
tarring was to be done, the amount of the new metal used in the past for renew- 
al was excessive and that the quantity required for a mile 12 feet wide could 
be reduced from 24,000 c. ft. to a figure between 6,000 c. ft. to 12,000 c. ft. This- 
meant that the cost of renewals could be reduced by 50 to 75 per cent. As a 
result of the introduction of a very much cheaper method of renewals called 
“ Cheap renewals 15 ” and the consequent large savings that accrued, thc- 
rnilage of the improved water-bound surface in the province was increased 
from 73 in 1927-28 to 1,407 in 1932-33 not only without any addition to the- 
total expenditure, but during the last two financial years, there was actually 
a drop in expenditure. If funds at the rate of about Rs. 1 ,500 a mile per annum 
continue to be provided, it is expected that in 1936-37 the entire water-bounds 

* “ Indian Roads ", March 1933, page 3 and Appendix I, page 10. 
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metalled milage of provincial roads will be improved and that the cost of main- 
tenance will then drop to T?s. 1.09G per mile per annum (see Appendix I). This- 
figure of Rs. 1,096 per mile per annum is based on the assumption that a coat 
of tar will be applied every year. Even though tarring conserves the metal and 
thereby reduces the maintenance costs to a very large extent, nevertheless the 
subsequent annual coats of tar involve a heavy recurring expenditure. To 
wlint extent such expenditure can be reduced by making the coats biennial 
instead of annual has not been definitely determined. It is found with the 
very high summer temperatures prevailing in the Punjab that tar deteriorates 
to a very great extent by evaporation of tlie lighter oils and oxidisation than 
by the action of traffic. There is therefore a measure of risk in eking out a tar 
paint coat for more than a year, more especially if the traffic includes a large 
number of loaded bullock carts shod with iron tyres. Though the atmosphe- 
ric influence on bitumen is negligible in comparison with tar, it is found from 
experience in the Punjab that it is very liable lo peel off if applied as a paint 
coat direct on metal, but very satisfactory results have been obtained with 
bitumen painting on a previously tarred surface provided that the latter is 
moderately fresh. Experience gained so far seems to point to the conclusion 
that if a suitable grade of bitumen were applied as a third or perhaps even as a 
second coat, it may not be necessary to paint the road surfaces annually. 
Hitherto the practice has been to apply bitumen at the rate of 3 /5 to 1/6 of a 
gallon per sq. yard even for subsequent coats as against an application of 1/10 
of a gallon per square yard generally adopted in the case of tar. This would 
make bitumen painting about 70 to 80 per cent, more expensive than tar paint- 
ing and this is probably one of the reasons why bitumen has not been used to 
any appreciable extent even for subsequent coats. 

5. It is understood that the tendency of modern practice in England is to 
apply bitumen even for hot applications as thin as possible as it considerably 
reduces the possibility of the formation of corrugations, specially if the coating 
of bitumen is covered with the maximum quantity of chips that can be held in 
position. Experiments carried out by the writer about 18 months ago on about 
3 miles of road show that it is quite possible to spray hot hit union (100 pene- 
tration) at the rate of 1/10 of a gallon per square yard, and that this quantity 
of bitumen will quite effectively hold in position 1/4 inch thickness of chippings. 
This means that it is possible to lay a subsequent coat of bitumen at more or less 
the same cost as a coat of tar. Therefore if wc can continue to get a life of 
about 18 months with such an application of bitumen, it follows that the cost 
of maintenance will be reduced to about Rs. 800 a mile per annum. The ex- 
tensive experiments with surface applications of bitumen show that, even 
when the bitumen (100 penetration) is applied in the hot weather, there is an 
immediate and a very great drop in temperature as soon as the bitumen touches 
the road, and as at this reduced temperature bitumen has a limited covering 
and penetrating capacity neither the surface of the road nor the surface of the 
chippings is completely covered, ns the bitumen at a comparatively low tem- 
perature is unable to penetrate into the tiny crevices and irregularities. In 
other words the "wetting power ” of 100 penetration bitumen even at sun 
temperatures during the summer is very much less than a material like tar. 
Therefore adhesion is not as great. Besides this 100 penetration bitumen- 
softens considerably at high temperatures and therefore the chips are not held 
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sufficiently firmly in position and crushing takes place not only of the chips 
themselves but of the underlying metalled surface. This results in the forma- 
tion of very fine particles which is still more difficult to “ wet ” and therefore 
the surfacing becomes too dry and is very likely to disintegrate. It there- 
fore seems clear that we require a surfacing material that has not only consi- 
derable " wetting power ” but it must also have the capacity of hardening up 
soon after the chips are completely absorbed and of remaining hard even at 
sun temperatures during the summer months. Tar possesses these properties 
in a very marked degree, but unfortunately and as already stated tar is consi- 
derably influenced by the atmosphere and eventually becomes too brittle unless 
•covered 'with fresh applications. 

6. In order to ascertain the most suitable material for subsequent appli- 
cations, experiments have been and are being carried out with («) cut backs 
and (b) tar bitumen mixes. In both cases a hard grade of bitumen (20-30 
penetration) is being used and for (6) a tar complying with B. S. S. No. 1 Tests 
carried out seem to point to the conclusion that the quantity of bitumen in tar 
bitumen mixes should not exceed 30 per cent, and that the most satisfactory 
mixes are obtained by using a low viscosity tar and a hard grade bitumen. In 
the process of mixing, the tar and bitumen are heated separately, the bitumen 
being first heated to 350°F. to ensure thorough melting and then allowed to cool 
to 270°F., and the tar to about 200 r F„ so when the two are mixed the resultant 
temperature is 250°F. At no stage should the temperature of the tar exceed 
250°F. ; it is therefore advisable to add bitumen to the tar gradually. 

7. A certain number of the Punjab engineers believe, and the suppliers 
of tar claim, that after a certain number of annual applications, snv four or 
five, it will only be necessary to paint road surfaces once every other year. If 
this is so, so much the better, as tar is an indigenous product, it is therefore 
in the interests of the country that it should be used as far as possible provided 
there is no wasteful expenditure. However, whatever is used for subsequent 
coats, tar, bitumen or a mixture of the two, there is ample evidence to show that 
eventually, say in three or four years, surface painting need not be done an- 
nually and the cost of painting roads with either bitumen or a mixture of rar 
and bitumen will not be a great deal more than that of tar painting. It ’is 
therefore not unreasonable to predict that the cost of maintenance of metalled 
roads in the Punjab maintained by the P. W. D. may come down to about Bs. 750 
per mile per annum. 


Water-bound premix. 

8. Though the results obtained with “ cheap renewals ” followed hv surface 
applications of tar have been very satisfactory, it was felt that still better 
results could be obtained by incorporating a certain quantity of tar in the body 
of the surface, and as a result of continual experimenting "with this object in 
-view a specification called “Water-bound Premix” has been devised and 
introduced. The name is derived from the fact that even though the a^rec'nte 
is coated with tar or bitumen, water is used during consolidation. Experience' 
during the last 60 or 70 years has shown that on roads carrying only bullock 
-cart traffic there is no better type of low cost surface than "plain water-hound 
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macadam, provided the metal has sufficient powers of resistance against crush- 
ing. The object of this specification is therefore to derive all the advantages of 
water-bound macadam which nre considerable and a great many of pr emix 
work and thus to provide for both bullock carts and motor traffic at a mini- 
mum cost. The process broadly consists of laying two layers of pre-coated 
aggregate, one consisting of 2 inches of pre-coated metal (from § inch to 1| inch 
gauge) and coated with 24 per cent, of binder ; and the second layer of 
about a £ inch layer of gravel (1/16 inch to 3/4 inch gauge) coated with 34 
per cent, of binder. The first layer is partially compacted before the second is 
applied and water is used freely in consolidation though to a lesser extent 
than in ordinary water-bound macadam. In most of the work done so far tar 
has been' used entirely for pre-coating the metal and the gravel. For mor e 
recent work bitumen is being used for pre-coating the fine aggregate, tar being 
used as before for the metal. Ten miles have recently been laid to this speci- 
fication and the results obtained so far are definitely superior to surface painted 
water-bound macadam. It was proposed to lay another thirty miles 
during the year 1933-34. Table II sets out particulars of cost of renewals carried 
out in the second Circle, Ambala, during the last financial year, where the bulk 
of new type of work has been carried out. These figures are based on metal 
costing Es. 18 per 100 c. ft. ; with metal at Es. 25 a 100 c. ft. the cost would he 
more or less the same as that of cheap renewals plus one coat of tar. "Where 
the metal costs more than Es. 25 a 100 c. ft. water-hound premix is definitely 
cheaper. . 

9. Thin Carpels . — Though mere surface painting has been and is continu- 
ing to fill the bill, the time will ccme when a much stronger surface will he 
required. Earnest endeavours are therefore being made to ascertain the most 
economical method of dealing witli the situation when it arises. Besides this, 
if this problem is solved, we shall not only have n specification for the treatment 
of existing roads but we can considerably’ cheapen new’ construction, for ins- 
tance we could not only effectively deal with a brick on edge road which is so 
cheap to construct but wc could also lay a protecting surface on a water-bound 
road made of soft metal or even of brick ballast. If these hopes are fulfilled, 
we shall have indeed made a definite step towards solving the road problem not 
only in tbe Punjab but throughout the whole of India. 

10. With these objects in view experiments are being carried out w’ith 
thin bituminous carpets on the lines set forth in specification, vide Appendix 
III. At the outset the specification adopted was somewhat different from 
that now given in Appendix III, the main point of difference being that the 
aggregate consisted roughly of a mixture of one part chips or river worn shingle 
of suitable grading and one pari sand. Tho addition of sand was definitely 
beneficial not only on account of thegrouter stability derived but there was 
less tendency for the aggregate to crush. As far as the results are concerned this 
early’ work was very’ satisfactory, but awing to the presence of sand a power 
driven mixer was absolutely essential. Besides this, more bitumen is required 
but that is a minor point. The administration of India is such that theie are 
literally scores of authorities in charge of roads who need to be convinced be- 
fore a new specification can be introduced. Therefore to begin with it will 
be necessary to do work on a small scale in a large number of localities. If a 

i 
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power driven mixer is a sine qua non very little headway can be made as it is 
most unlikely that an adequate number of such mixers will be available for 
what is after all only experimental work. The later specification (Appendix 
III) has been so framed that work can be carried out by means of a (home 
made) mixer operated by manual labour and only costing a few rupees. 

11. It is found by experience that, provided the gauge of the finest 
particles in the aggregate is not less than say, about 1/12 of an inch, there is no 
difficulty in mixing by means of these home made contraptions. In the absence 
of sand a very great deal more care is required with the selection and grading of 
the aggregate. However this difficulty can be overcome far more easily then 
that of securing funds for a large number of power driven mixers. Moreover 
any deficiency in the matter of stability and tendency of the aggregate to 
crush under bullock cart traffic, can be made up by light applications of bitu- 
men emulsion and covering the same with coarse sand. When premix work 
becomes more general, it may then be worth while purchasing a large 
number of these machanical mixers. It is therefore open to us to revert to 
the original specification with sand in the future. 

The cost of laying a Ij inch bituminous carpet on a road with metalling 
12' wide is broadly analysed as follows : — 




Round figures. 



Rs. 

1. Priming 

• • 

.. 250 

2. 8,000 o. ft. aggregate at Rs. 18 per 100 c. ft. 

* • 

1,450 

3. 16 tons binder at Re. 160 a ton . . 

• • 

.. 2,400 

4. Labour 

* 

400 



4,500 

5. Finishing coat of emulsion . . . . 

• • 

. . 1,500 



Rs. 6,000 
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APPENDIX I. 

Table I. 

•C-oSt of maintenance of metalled roads and surface painted milage on roads maintained by 

the Public Works Department, Punjab. 


No. 

Year. 

• Total 
length 
metalled. 

Expendi. 
ture in 
lakhs. 

Rate 

per 

mile. 

Total 

length 

surface 

painted. 

Remarks. 

I 

1924-25 

1503-58 

24*66 

1640 

16 

Width of metalling 
12 feet. 

2 

1925-26 . . 

1672-37 

30-04 

1796 

24 


•3 

1926-27 

1803-30 

33-12 

1777 

50 


4 

1927-28 

2149-42 

35-50 

1651 

73 


5 

1928-29 . . 

2439-114 

39-83 

1633 

222 


<o‘ 

1929-30 

2612-934 

43-85 

1678 

369 


■7 • 

1930-31 . . 

2667-084 

45-82 

1718 

689 


S 

1931-32 .. 

2699 

41-04 

1521 

1065 


8 

1932-33 . . 

2707 

39-80 

1470 

1407 


10 

1936-37 

(forecast). 

2710 

29-70 

1096 

2710 

When the entire 
milage has been 
surface painted. 


Table II. 


Particulars of renewals carried out in the Second Circle of Superintendence in 1932-33 ( width 

of metalling 12 feet). 





Stone plain 
W. B. M. 
Cheap renew- 
als. 

W. B. 
promix. 

Kankar. 

Totals and 
Averages. 



Mies 



155-72 

10-50 

97-0 

263-22 

Rflte > a 

- . 

• • 

2,404* . 

4,565 

2,338 

2,488 

-Cost 

• • 


3,74,351 

47,937 

2,20,787 

6,49,075 


♦Exclusive of tar painting ■which cost Rs. 1 ,000 for the first coat. 

i2 
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APPENDIX H. 

Kotes and specification for surface painting tcith Slialimar Itoad Tar on Water-Bound' 
Macadam by 8.0. Stubbs, O.B.E., I.S.E., Superintending Engineer, Second Circle, 
Ambala. 


Preliminary Notes. 

Tar painting may be advantageously carried out on oithor an old surface in good, 
condition or a new surfaco soon after it Las been consolidated and driod, but tho tarring 
should never bo carried out unless the road is thoroughly dry. 

If there are any pot holes or ruts, treat surface in tho manner described in paragraphs 
I and II below about a month before tarring is commenced. 

IT IS NOT ADVISABLE to givo out first coat application on contract unless it is 
certain that the contractor is trustworthy from all points of view. Initial coats of tar are- 
tho foundation for all future applications and it is imperative that such applications should 
be thoroughly sound. 

I. — Pot Holes. 


(a) Over £ inch in depth. — These should be mode square or rectangular and oxcavatod' 
to a depth of 2 to 24 inches, tho bottom loosened and watered, fiUod with hard metal (14 
inch gauge) pie-ccated with tor and rammed. Tho surface of tho patches should thon bo- 
coveicd about £ inch thickness of pio-ccated gravel {£ to £ inch gauge) and again 
rammed. The quantity of tar needed is 3 per cent, by w eight of tho aggregate. Mixing can 
be carried out by moans of the hcmc-mndc appliance, Plato No. 1. If G per cont. by woiglit’ 
of fine kankar or limestone (i\ inch to £ inch gauge) is added to the mixture (tar and 
metal) patches are considerably strengthened. In mixing, tar should bo heated to SoOT?., 
hut the aggregate need not bo heated. Patches should bo consolidated with water and kopt 
wet for a week as in tho case of water-bound patches. 


The approximate cost of tho patching described will bo Rs. 12 per hundred square foot- 
or Re. 0-9-0 per cubic foot of patch work dono (including cost of all material and labour). 


« 


(6) Under £ inch in depth. — Same ns rut filling (n) and (&).- 


n. — R ut Fxlijxo. 


Ruts can be divided into classes 

(а) Ruts up to 4 inch deep. 

(б) Ruts from J to J inch deop. 

(c) Ruts abovo £ and up to 2 inchos deep. 

(а) Ruts vp to 4 inch deep.— Those should bo painted with tar No. I or No. 2 at tho rate- 
of 5 sq. yards per gallon and covorcd with gravel J to £ inch gauge at tho rato of 3 to- 
3 -5 c. ft. por hundred square foot, and well rolled or rammed and allowed to sot for three 
weeks at least before tarring is dono. If ruts aro not completely filled in, or tarring has 
been done without rut filling, this operation can bo repeated or enrriod out before the second 
application of tar. This process is more effective if done, say, in tho months of Soptcmbor 
and March than in tho middle of the hot weathor becauso tho gravel is onsily displaced when 
tho temperature is high. 

Approximate cost of painting ruts will bo Rs. 2-12-0 per hundred square foot or Rs. 200 
for filling one rut 14 feet wide per mile. 

(б) Ruts from 4 to £ inch. — The surfaco of tho rut should bo painted with tar No. 1 or 
No. 2 at tho rote of 7 to 8 sq. yards per gallon and then 24 per cont. premix of £ to £ inch 
gauge gravel filled in tho rut and well rolled and allowed to sot at least for 10 days before- 
tarring is done. This should never be dono in tho middle of tho hot weathor. 

Approximate cost Rs. 4 per hundred square foot or Rs. 300 for filling one rut 14 feet- 
wide per mile. 
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(c) Ruts above %-inch and up to 2 inches . — Theso should be scarified to a depth of 1 J to 
2 h inches and now metal added and consolidated as ordinary -water-brand macadam. 
Great enro should bo taken that the inotal of tho unscarified surface adjoining the ruts is 
adequately protected to prevont crushing. 

Approximate cost for filling two ruts 1£ foot wide will be Rs. 500 phr mile. As tho cost 
of renewals are now so aheap, rut filling should only be done where it is certain that by 
doing so the road surface will bo brought to proper camber, otherwise the whole surface 
•should bo renewed. 

Methods II (a) and II (6) should not bo adopted whore tho joints on tho surface of rut 3 
•cannot bo adequately rakod out. If tho tar does not ponotrato sufficiently there is danger 
of peeling off 33 the rats boar tho full brunt of the bullock cart traffic. 

HI. For at least two weeks boforo tarring is done tho road surface should not bo blinded 
with earth. 

IV. Tarring as far as possible should bo dona in warm waathor whoa tho sun tompora- 
turo is I00 3 F- or over, so as to onsuro moro ponetratioa and uniform distribution of tar over 
tbo surface of the road. 

V. If possible tho whole width of tho road should bo closed to traffic, and the borm on 
the Icownrd side only used for traffic! and this should bo sprinkled with water to reduce 
■dust to a minimum. 

Materials. 

Stone Chips or gravel. — Tho proper function of tho bindor should bn to securely fix the 
chips in position and that of tho aggregate to take up the wear of traffic, therefore tho 
quantity of aggregate should be as largo ns possible in relation to tho quantity of bindor. 
Experience shows that for initinl applications tho relation is 250 c. ft. aggregate to 1 ton of 
■tnr and for second and subsequent, coats 300 c. ft. to 1 ton of tar. This works out at about 
3 c. ft. of aggregate per ]00 sq. ft. of road surface for initial applications and 1-3 c. ft 
per 100 sq. ft. lor second and subsequent applications. 

As tho aggregate is to tnko tho woar it should bo as hard as passible an 1 whore available 
it should consist of hnrd rivor bed gravel or very hard crushod stone chips. 

Exporionco shows that tho very fino particles should be roducod to a minimum, and no 
stuff less than 1/S inch gauge should bo usod, othorwiso a larger quantity of bindor por unit 
-of volume of aggregate will bo noodod. 

Tho following grading of chips or gravel has produced very satisfactory results : — 

'For initial applications : — 

£ to i inch gauge . . . . . . ... 40 por cont. 

J to J inch gauge . . . . . . . . GO por cent. 

For subsequent applications 
$ to £ inch gauge 
i to g inch gauge 

Surface taixtino with road tar (first coat). 

Initial application consists of tbo following four operations : — 

(1) Cleaning the road surface. 

(2) Heating and pouring tar. 

(3) Spreading stone chips or gravel. 

(4) Eolling stono chips or gravel. 

1. Gleaning the road surface. 

This consists of five operations : — 

(a) Sweeping tho road surface with ordinary brooms or soft brushes with long 
bandies to remove tbo surface dust. 


40 por cont. 
GO per aent. 
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(b) Removing cakod mud from the edges of the road by means of miniature picks-. 

This mud cannot be removed by ordinary ■wire brushes. 

(c) Cleaning the road surface with wire brushes so as to loosen the mud and fine- 

blindage from the interstices of the road. 

(<Z) Clea nin g the road surface with soft brushes so as to remove dust and blindage- 
produced in operation (c). 

(e) Final dusting of the road surface with gunny bags or country whisks to remove- 
fine dust. 

2. Heating and pouring tar. 

(a) Healing tar . — The tar should be heated in tar boilors as for as possiblo and if the- 
tar boilers are not available, heating can bo done in boilors locally made from tar drums. 

• In ease of B. S. S. Tar No. 1, tlio tompernturo should bo maintained botweon 220°F. 
and 240°F. and in case of B. S. S. Tar No. 2 between 240 5 F. and 250 5 F. 

Great care should bo takon that no water from the tar drums or any other source 
enters the tar boiler, otherwise the tar will overflow with disastrous results to the opera- 
tors. 

A full tar drum should always remain suspended over the tar boiler, eo that the- 
contents will never bo reduced to say less than } of its volume, othenviso the accumulated 
heat stored up in the fire bricks will cause a very rapid riso in temperature. 

(6) Pouring tar on road surface . — This is done in two ways : — 

(*') Spraying . — After the surface of the road it. thoroughlj- cleaned and well dusted as 
described in operation No. 1, the edges of tlio road should be well defined by means of- 
4 inch thick strings 60 to 100 foot long opch. In spraying tar with the sprayer groat care 
should bo taken that the tar is sprayed uniformly along the longth of the road and nover 
across tlio road. If sprayed across the road, unsightly overlapping will occur and oven 
when spraying longitudinally overlapping should bo reduced to a minimum by brushing. 

Tho quantity of tar used during spraying can be controlled by moans of flat iron gatigos, 
but an expert sprayer operator should bo ablo to gauge tho quantity sprayed by eye. Tlio- 
height nt which tlie sprayer is hold is the controlling factor. Ono gnllon of tar sprayed 
should cover 6 square yards of road surface. 

(if) Hand j)ovring . — After cleaning {operation 1) tho edges of tho rond arc demarcated 
by means of 4 inch thick strings 50 to 100 feet long pulled taut and secured, then mnrks 
are made at 74 feet intervals on the Letms to represent tho longth of tho road that will bo 
covered with two gallons of tor. Pouring is now done by means of pouring pots of ono 
gallon capacity. Thus tho contents of two pots will cover a longth of rond represented 
by one marking on tho berms and this will amount to 5 squnro yards per gallon of tar. 

Pouring and brushing should bo dono longitudinally and overlapping reduced to a- 
minimum. 

Tho oporation of pouring is carriod out by two mon oquipped with soft brushes with 
long handles and ono man with a pouring pot filled with ono gnllon of tar and these men 
pour and brush tho tar on the road simultaneously. 

One stroke of the pouring pot covers ono foot width of a road 74 foot long (the most 
convenient length of rond that can ho dealt with) and 0 strokes aro sufficient to completely 
empty tho pot, thus a width of 6 feet, 74 foot long can bo covered with one pouring cnn. 

The foregoing refers to an initial application for a road 12 feet wide.. In case of sub- 
sequent applications ono pouring pot will covor the wholo width of 12 feet, 74 ft. long. 

Givon a modoratoly smooth surface and a sun temperature of not less than 100°F., it is- 
possiblo to spread tar in this war- ns rapidly and ns ovenly as with a sprayer. Exporionco 
seems to indicate that if work is dono in tho hot woatlior better results are obtained by 
hand pouring. 

Tho position of tho tar boiler should bo so adjusted that minimum time will be taken in 
carriage of tar from tho boiler to the road. 

The labour employed on heating and pouring tar should be provided with goggles, long, 
boots and a pair of putties for nrotoction. 
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3. Spreading stone chips or gravel. 

Before spreading, grovel should always he screened through a 1/8 inch mesh screen, so 
as to remove fine dust. Crushed stono chips or river bed shingle of hard quality and 1/8 
to £ inoh gauge should be spread ovor the surfaoe evenly immediately after pouring the tar. 
Uniform spreading con be ensured by regulating the number of baskets needed per definite 
length of road. 12 baskets of £ c. ft. capaoity are neodod for 9 feet length of road 12 ft. 
wide. 

The greatest caro should bo taken that tho ohipB are evonly distributed (by moans of 
drag brooms or in any othor way) over the surface otherwise tho riding qualities of the road 
surface are likely to be impaired! 

4. Rolling stone ohips or gravel. 

As soon as possiblo after tho chips or gravel is sproad tho surface should bo rolled with a 
10 ton or 8 ton roller and rolling continued until the gravel has stuck to tho road surface 
Rolling should not bo overdone, generally G to 8 trips of the rollor aro found sufficient. 

General. — Traffio can bo pormittod on a freshly tarred surface after sundown on the 
day work was dono, but if possiblo traffic should not bo allowed to uso such a surface 
during tho hottost part of tho day until tho tar is 24 hours old, otherwise tho chips or gravel 
is very liablo to be displaced. Watering n road after sundown on the day tarring was 
carried out is distinctly beneficial whoro su'n tompornturc3 aro very bigh becauso it takes 
many hours for a road to cool down. 

Storage painting with road tar (second coat). 

In addition to tho nocossary preliminary work alroady described, this consists of the 
following four operations : — 

(1) Cleaning tho road snrfaco. 

(2) Heating and pouring tar. 

(3) Spreading stono chips or gravol. 

(4) Rolling stono chips or gravol. 

(1) Cleaning the road surface. 

This can bo sub-dividod as follows : — 

(а) Scraping off tho manure or othor foreign matter sticking on to tho road sur- 

face by means of any suitablo implement. 

(б) Cleaning tho surface with wire brushos, loosoning any stuff left out by operation 

(a) spocialiy at tho edges. 

(c) Cioaning tho surfaco with soft brushes so as to romovo dust and foreign matter 

produced in operations (a) and ( b ). 

(d) filial dusting of tho road with gunny bags or country whisks to remove fine 

duBt. 

(2) Heating and touring tar. 

(a) Healing tar.— Same as paragraph 2(a) of specifications for first coat of tawing. 

(&) Pouring tar. — (i) Spraying. — Samo as paragraph 2(f >)(*’) of spooifications for 
tarring first coat oxcopt tar is sprayed at tho rate of 10 square yards per 
gallon of tar. 

(if) Hand pouring, — Samo as for paragraph (2 ){b) (ii) of specifications for tarring 
first coat with tho oxcoption tlint the spaco botweon tho marks on the bonus 
will bo covorod in one pouring of a 1 gallon capaoity pouring pot. This 
works out at 10 square yards per gallon of tar. 

(3) Spreading stone chips or gravel. 

Same as for paragraph 3 of specifications for first coat of tarring with tho exception 
that tho gaugo of tho gravol should bo 1/8 to 3/8 inoh and that 7 baskots containing 1*8 
c. ft. gravol should covor 8 to 9 foot longth of road 12 foet wide. . 

(4) Rolling chits or gravel. 

Samo as for paragraph 4 of spooifications for tarring first coat. 

General. - -Samo as for first coat work. 
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Analysis of cost of tarring and gritting per mile of 12 ft. road , or 7,040 square yards, excluding 

tools and plant charges. 

Fjbst Application. 

Materials. 


Rb. 

B. S. S. No. 2 tar 8 tons at Rs. 125 . . . . > . . 1,000 

Grit 2,000 o. ft. at Rs. 20 per 100 c. ft. ... « 400 

Total materials — . . 1,400 


Labour and fuel for treating and applying. 

(i) Cleaning road surface s The accounts show an expendi- 
ture of Rs. 7,476 for 107-80 miles or Rs. 69 per 
mile. 

(it) Heating and spraying or pouring : Tho accounts show 
an expenditure of Rs. 4,111 for *854 -35 tons of tar 
or Rs. 4-13-0 per ton. 

{Hi) Spraying grit or gravel : The accounts show an expendi- 
ture of Rs. 1,329 for 176,674 c. ft. of grit or As. 12 per 
100 c. ft. 

(if) Rolling: The nccounts show an expenditure of 
Rs. 4,003 for 107-80 miles or Rs. 37 per mile. 

Abstract for 1 mile. 

Rs. a. p. 

(i) Cleaning surfaco ... .. ... .. 69 0 0 

(ii) Heating and spraj-ing or pouring 8 tons Rs. 4-13-0 per 36 8 0 
ton. 

(tit) Spreading grit or gravel 2.000 o. ft. at annas 12 per 100 

c. ft. .. .. .. .. .. la 0 0 


(if) Rolling .. 

• • 

• • At J 

37 

0 

0 

Total fuel and labour 


. . 157 

8 

0 

-J- 

Say 


.. 160 

0 

0 

Add materials as above . . . . 


.. 1,400 

0 

0 

Total cost per mile 

•• 

.. 1,560 

0 

0 


Second Application. 

The analysis has been made from actual costs as before, and the abstract is :■ 

Rs. a. p. 

B. S. S. No. 2 tar 4 tons at Rs. 125 ... .. .. 500 0 0 

Grit or gravel 1,200 c. ft. atRs. 20 per 1 00 e. ft. .. .. 240 0 0 

Heating, spraying and rolling . . . . . . ... 1 10 0 0 


Total for one mile 


• • 


850 0 0 
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APPENDIX III. 

Specification for 1\ inch premix carpet using bitumen as a binder. 

Material and Plant. 

Aggregate. — This should consist of either river worn gravel or broken stone chips. As 
failure in these carpets is more clue to crushing than to any other cause, therefore the mate- 
rial in either case should be as hard as possible. Though broken stone chips are proferablo 
for greater stability it is nob often possible to obtain really hard stone chips at a reasonable 
price on account of the high cost of breaking. 

The following is a suitable grading for either river worn shingle or broken stone 
chips : — 

i inch to -$• inch . . - - . . . . . . 50 per cons. 

1/8 inch to £ inch . . . . . . . . . . 25 per cent. 

1/12 inch to 1/8 inch .. .. .. .. 25 per cent. 

Binder. — This should consist of 2 parts of (20 — 30) penetration Moxphalte and 1 part 
Shelmac. It is understood from the suppliers that the Shelmac consists of 88 per cent 
<20 — 30) penetration llexphalte and 12 per cent, solvent, therefore the mixture consists of 
94 per cent. (20 — 30) Mexphalte and 6 per cent solvent, tn the process of mixing, the Mcx- 
plialto is heated to 350°F and allowed to cool to 300°P and the Shelmac is added cold, when 
the two have been thoroughly mixed the binder is ready for use. 

Mixer . — (See plan at Place No. 1.) This is a “home made ” contraption and is operated 
by manual labour (4 men). It consists of 2 parts, that can be easily separated, the revolving 
portion and the underframe. The former is made of 2 bitumon drums and a steel 
spindle, while the latter is made up of any rough wood though it is essential that the top 
part of the vertical should consist of some hard wood like “ shesham ” or “ lcikar ” as no 
metal is used for the journals of the bearings. It has been found by experience that this 
arrangement is very satisfactory as neither the spindle nor the joining wear away appre- 
ciably if sufficient grease is used. In order to minimise handling and transporting ooated 
aggregate the mixers are operated actually on the road surface. After pre-coatiag, each 
batch of aggregate is deposited straight on the road surface and the mixer is lifted up and 
carried forward, this is facilitated by the fact that the mixer is made in 2 parts. If skil- 
fully operated one mixer is quite capable of coating about 200 o. ft. aggregate in an eight 
hour working day, therefore a battery of 5 would be quite sufficient to feed a steam roller 
working at its fullest capacity. 

Proportion of binder. — The relation between quantity of binder and aggregate depends 
on several factors the chief of which are grading and character of the latter. Under aver- 
age conditions with grading as specified 2 tons of binder is sufficient to coat 1,000 c. ft. of 
aggregate. 

Priming. — These carpets can either be laid on a previously painted surface or straight, 
on water-bound macadam. In all cases it is much the safest plan to prime before laying, 
as-satisfactory adhesion to the underlying surface adds considerably to the strength of the 
carpet. Priming especially if a low viscosity bitumen is used should not be overdone as this 
may possibly cause “ pushing ”. Satisfactory results have been obtained with tbe follow - 
ing methods of priming : — 

(а) A surface previously painted with tar . — No. 1 or 2 tar, preferably the former 
applied at the rate of 1/15 to 1/20 gallon per sq. yard. A satisfactory method of priming 

.with such a thin coat is by liberally pre-ooating a small quantity of gravel with tar and 
brushing it along the road surface, used in this way the gravel acts as a vehicle for distribut- 
ing the tar. 

(б) A surface previously painted with bitumen. — Same as (a) except that a higher 
percentage of solvent is used than contained in Shelmac to facilitate distribution. 

(c) A water-bound surface. — Same as [a) or (6) but the rate of application should be 
increased to about 1/8 of a gallon per sq. yard. As an alternative bitumen emulsion might 
bo applied at the rate of 1/6 to 1/8 of a gallon per sq. yard, but this will be more expen- 
sive. 
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Constructional operations in order of sequence. 

(а) Preparation of surface. — Tlio surface to bo troatod should bo thoroughly ctoaued in 
the usual mannor proscribed for tar surface painting. After cleaning tho surfaoo, woodon 
strips 2 inches by 1£ inchos aro securely fixed along tho odge of tho molal by tho odgo 
of the metal by moans of stool spikos and romain in position until tho c&rpot lias boon finally 
rolled and has sot. These woodon strips not only support tho carpet during laying but act 
as a gauge for tho thickness of tho oarpot. 

(б) Priming. — Tho surfaco is suitably priraod adopting ono or othor of tho motkods 
described under tho head priming. 

(c) Mixing. — Four to fivo “ homo mado ” mixers aro placed in suoli positions on tho 
primed surfaco that tho work of spreading of tho coated aggregate is reduced to a minimum. 
Before being placed in the mixers tho aggregate is screened into 2 gradings, t’lk., material 
about 1/8 inch gaugo and material below 1/8 inch gauge. The former is first put into tho 
miser and then 2/3 of tho requisite quantity of bindor is added and the mixer revolved 20 
times, tho fino stuff is now added and tho mixor again rovolvod and finally tho remainder 
of tho binder (1/3) is added and mixing coniploted. Unless the seemingly complicated 
sequonco of operations is carried out the fino stuff will “ball up ” nnd uniform pro- coating 
will not be possiblo. With a sun tomporature of not less than 101PF. there is no need to 
heat the aggregate, but with a lower tompcrattiro it may be necessary to heat either the 
wholo of the aggregate or tho portion of it with particles ic«s than 1/S inch gauge. Mixing 
may also be facilitated by lightly sprnvius tho aggregate with kerosene bv means of a 
“FLIT” gun. 

(d) Spreading. — After depositing tbe procoatcd aggregate on tho primed surface it is 
ovenly spread by means of rakes and these should ho tho only tools used for spreading. 
Compaction by foot, hand or rammers of any kind should bo avoided nt any cost. 

(e) Rolling should bo done by a 0 or 8 ton roller, though a K> ton roller could ho usud if 
the aggregate is not too 6oft. Tandoni rollers aro tho most suitable for this class of work, 
but their uec is not essential. 

If) Bitumen emulsion should bo sprayed at tho rate of 1/S gallon per squaro yard and 
covered with course sand. Though gonorailv speaking this final application is not alwavs 
essontial it is recommended for roads carrying heavy bullock cart traffic, n« tho tendency 
of tlio nggrogato to crush is considerably reduced. 

General. — Motor traffic should lie kopt off the road for -1 days nnd bullock carts for one 
week to ten days nftor completion. If possible traffic should bo diverted right away from 
tho road during construction, if traffic travols along the berms dust is blown on the surfaco 
before tho solvent in tho mix lias evaporated and a good deal of it (dust) is incorporated 
in tho mix thus making it too dry. Special provision should ho mndo for diversions nnd the 
best way of dealing with tlio traffic is by laying a toinporary wire roadway especially in 
cases where traffic lias to use tho berms. 
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[Paper No. 5 (6).] 

Notes on. the Uses of Tar, Bitumens and -Emulsions, in the Punjab,. 
Being a Paper Contributed for the Last (1934) 

International Roads Congress. 


. by 

. R.' TREVOR JONES, MiC., A. M. Inst. C.E., 

‘ " Executive Engineer, Rawalpindi. 

■Note. — The paper has bdon slightly curtailed by the elimination of matter not neces- 
sary for a body of Engineers in India. 

* 

Tar. 


1. Tar. Present attitiide toivards me of tar in the Punjab and Northern 
* India. — India is probably one of the most conservative countries in the world, 

and it is- certainly an achievement that now a days, in the Punjab at any rate, 
the application of some form of waterproof surfacing is regarded as being es- 
sential for main roads. This conviction has been reached during the past few 
years, before thjit the Public and the administration, provincial and local were 
reconciled to the annual reconstruction of large sections of water bound road, 
with all its inconvenience and annoyance to the public. Since the advent of the 
motor few, water-bound road crusts could survive more than a couple of years, 
and in the more heavily trafficked sections 6 months was the not unusual limit 
of endurance. Until quite recently tar was considered on unknown quantity, 
a luxury, an unjustifiable expenditure, and a concession to the “speed fiend 
in a very similar manner to the outcry which was raised in England, when 
surfacing of rural roads on a large scale was inaugurated before the war. 

2. j Failure in the past. — It is true that early experiments, involving the 
. use of-improperly dehydrated tar, did not create confidence. Such tars were 
' .-unsuitable for road work and in the heat of Indian summer bled to an uncom- 
fortable extent. Too much tar was used on occasions, a cause of high cost, 
and too little was known regarding the use of fillers or grit. 

3. Saving as the result of extensive surfacing over 3 years. — Until about 
•1930; the hands of road Engineers were tied, and they were robbed of initia- 
tive’ because the application of any surface treatment required the sanction 
of the Legislature as an " original work ”. In June 1930 this embargo was 
removed and it is now the rule that all new water-bound macadam must be water- 
proofed at the earliest opportunity. The result has been a saving of nearly 

. 28 per cent, in the maintenance bill for arterial roads in the Punjab, a figure 
. which will increase as tarring progresses, as it has not yet been financially 
and physically possible to surface more than approximately half of the 2,700 
miles of the arterial metalled roads in the Province. 

4. Improvement effected. — The results of this wide spread use of tar has 
undeniably raised the standard and lengthened the life of roads in this Province. 
Hitherto water bound roads, however well consolidated and founded, were 
.quite inadequate for the fast and heavy motor traffic of the present day, and in 
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-some of tlie more heavily trafficked areas were impassable after six montlis use 
Moreover, in dry periods the clouds of dust raised by quick moving vehicles 
were not only a danger to health, and a public nuisance, but rendered visibility 
difficult and increased road accidents. Although it cannot be claimed that 
the standard of Punjab roads can be compared with the modern roads of Euro- 
pean Countries, the surfacing or painting of tvatcr bound surfaces 1ms estab- 
lished a highway which allows touring cars to travel at high speed, in comfort 
and in safety, and from the motorist and the road carrier’s point of view, a 
permanently good surface has meant immense savings in tyre and engine dep- 
reciation, and oil and petrol consumption. 

5. Use by animal drawn vehicles.— In the Punjab the horse drawn “ tonga ” 
and tlie springless bullock cart, of some 15 cwt., arc still the normal vehicles of 
the people. Opposition to the surfacing of roads might have come from those 
quarters, but although it is possible for such vehicles to use the sides or 
“berms’’ of the roads, draught animals appear to acquire quickly the habit- 
of using the tarred road with ease and confidence. This is true even of long 
gradients on the Rawnlpindi-Murrec-Knslnnir Road, where, grades otc as 
much as 1 in 18 for 12 miles stretches. 

6. Advantages . — In tar surfaced or bound roads a product is achieved 
which is cheap, efficient indigenous (an important, point- in a country of high 
tariffs such as India) easily laid by unskilled labour, dust proof and lasting. 
In certain localities the only stone available is of a soft- and friable nature, such 
as sandstone, or of a very hard and unyielding nature, with poor cementi- 
tious properties, such ns quartzito. Prior to the advent of tar surfacing such 
metal was of little value as road metal either by reason of its rapid attrition, 
•or its poor binding quality. Excellent- and economical results have been 
accomplished by tar surfacing such material, and there, are even greater 
possibilities if and when the use of tar or bitumen, ns binders is generally 
accepted and established. 

7. Facility of laying . — There also appears to he a greater permissible 
“ margin of error ” with tar than with other commodities, and very few failures 
occur. This is a great advantage in a country where expert supervision is 
difficult to obtain, and labour extremely unskilled. 

Further, tar .appears to lend itself to rather primitive methods. Tarspray- 
•ers, special boilers, gritting machines, motor tandem rollers, etc., the usual means 
by which surfacing is normally executed in European countries, arc regarded 
with suspicion and dislike by governmental financial control. There is perhaps 
some justification for this attitude, since machinery of any sort is often abused 
and misused by untutored Indinn contractors, and unless expert supervision 
is available, depreciation is unusually rapid. Moreover, few machines of local 
manufacture are available, and there is a natural tendency to avoid purchase 
of articles of foreign manufacture ns much as possible. Conditions of financial 
stringency tend to stiffen tin's attitude, and i inprovision and resource to suit 
local condition is called for. 

8. Manufacture . — Northern India is dependent on Tar supplies from the 
Bengal Coal Field. This is distilled by certain refiners to British Standard 
Specifications and railed from the coalfields of Bengal a distance of some 1,300 
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miles to Rawalpindi. The cost of the freight over this distance is Rs. 35 per- 
ton whilst the tar at source cost Rs. 97. Tar No. 2 is chiefly used in this 
locality— although No. 1 and High Viscosity Tar have been used with success 
elsewhere. 

9. Local resources. — Although a shaly coal of inferior quality is mined in 
the Salt Range of the Punjab, it is unlikely that tar distillation will ever be a 
commercial proposition ; for no demand exists for coke, in the ntakin" of 
which crude tar is a bye-product. It seems therefore that the Bengal coalfields 
must be relied on as the only source of supply ; although it is within the bounds 
of possibility that the carriage of road tar in bulk mil be feasible, thereby 
reducing freight and the cost to the consumer. 

10. Methods employed in Tar surfacing. — Tar can be successfully heated 
in batteries of barrels, the usual containers, on special stands, and in the ab- 
sence of sprayers, can be laid with fair success by pouring from ordinarv water 
cans, fitted with rose nozzles, the spread being obtained by squeegees of rubber 
flaps and brushes. Grit or clappings are spread by casting in a circular motion 
from flat baskets, and the Punjabi coolie can be trained to lay such material 
with speed and precision. 

11. Cost of Tar. — Tar is available P. 0. R. Rawalpindi at the rate of 
Rs. 132 per ton carried in non-returnable steel drums each of 44 cwt. capacity. 
It is railed in wagons of about 13 tons capacity. Local carriage is done 
by country bullock carts at a cost of 11 annas per ton mile, and the tar is 
dumped at site in units of 3 barrels spaced at intervals along the road. 

12. Chippings or Grit .. — The grit or chippings used for blinding (known by 
the vernacular name of *' bajri ”) is obtained from river beds in the locality 
and is water worn limestone pefbble of considerable resistance to crushing. 
The approved range of size is from 1/8 inch to 1/1 inch (to pass 3/8 inch mesh). 
The material is usually screened at site and stacked on spare road side 
land. The cost of such material varies according to the distance of final 
disposal and the method of carriage employed. For instance pebble from 
the River Haro costs Rs. 7 per 100 eft. at sitB near the river bed but Rs. 30 
per 100 eft. stacked at mile 24 on the Rawalpindi-Murrce-Kashmir Road. 
(It should be stated that the Haro pebble is particularly suitable for tarring 
work). In view of difficulty of obtaining river bed stone at all times of the 
year and the unlikelihood of strict compliance to specification by local con- 
tractors, supplies have occasionally been obtained of machine crushed lime- 
stone. Such material is less durable than water worn pebble but the certainty 
of supply and standard is an asset in its favour. The cost is slightly more 
than limestone pebble. 

13. Cost of completed Tar Surfacing. — The cost of completed work varies 
according to site, from Rs. 2-4-9 to Rs. 2-12-0 per hundred square feet for 
the first coat and from Rs. 1-6-0 to Rs. 1-11-0 for the second coat. An 
analysis of costs is attached for information (Appendix A). These - 
figures relate to 1932 and recently it has been ' possible to tar with second 
and third coats at Rs. 1-3-0 per hundred square feet. 
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14. Specificaton for laying. — A specification as used in the Punjab is 
•appended (Appendix B). With regard to the application of the specifics- > 
-tion in practice, it should be noted that the few failures that have occurred ' 
appeared to have been due to imperfectly cleaned roads. In a dry dusty 
country such as the North of India, the thorough cleaning of water bound 
macadom roads is a matter of considerable difficulty especially with traffic 
•of all sorts moving on side diversions. An occasional cause of failure 
is the over heating of tar (250°F. is the ideal), but this seldom occurs, if 
suitable sprayers are available (such as the “ Phoenix ” rapid Hand Tar 
Sprayers fitted with plunger pump and scythe spraying nozzle), a smooth 
controlled spread is easily and quickly obtained ; when hand methods must 
be used unevenness in laying must be carefully guarded against. Special 
•treatment of the edges of the metalling is also necessary. Since Punjab 
roads are usually devoid of haunching or kerbing, the margin at times 
becomes aerated and broken by traffic, particularly when wear of berms 
-occurs. 

15. Steam Rollers.— Owing to the limited funds available for the supply 
of road tools and plant, use has to be made of such steam rollers as are avail- 
able. The majority of these are of 10 to 12 tons, and are too heavy for 
rolling clappings into tar without undue crushing. A more extended use of 
local quarry products and " bajri ” from hill streams would probably result 
from the use of light motor rollers 3 to 5 tons. At present the high cost of 
railing the hardest and most durable water worn bajri for considerable 
•distances is a big item in the cost of tarring. 

16. General. — It can be safely said that the use of tar surfacing has 
■saved the situation as far as road economies are concerned in the Punjab. * 
With an under-developed but projected extensive system of arterial roads, 
and an ever-increasing demand for more and better highways the factors are 
present for a stimulus to road making activity. 

Increase of Motor Vehicles. — An indication of the increased demand for 
Toads is given by the figures of motor registrations in the Punjab for the past 
years. These have grown from 14,000 in 1928 to 25,000 in 1932. They do not 
include military Motor Vehicles which have also increased in recent years. 

17. Road Classification Scheme of 1927. — A reclassification scheme drawn up 
in 1927 indicated the lines on which development would proceed ; a further fillip 
to progress was achieved with the special Road Tax on petrol, and the formation 
of the Central Road Development Fund by the Government of India, from 
which grants for new constructions were made to Provinces. Nevertheless with 
an ever-increasing annual bill for maintenance, it was natural that Government 
should look askance at further liabilities in this direction, and a tendency 
is evident to apply funds intended for the development of the road system, 
towards lightening the heavy and increasing burden of ordinary mainte- 
.nance. But, as has been stated, the great saving achieved by road surfacing 
during the past three years has paved the way to more confidence in pro- 
moting further development of the road system. 

18. Question of life of tar road. — It is of course a moot point how 
.far this decrease in reourring expenditure will be progressive. Much 
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depends on the extent to which it is necessary to renew the water bound 
metalling in the years to come. An average view is that this will be neces- 
sary within 12 yearn ; although it is optimistically held in some quarters 
that a carefully maintained and renewed tar road will last for ever. In 
support of these statements it should be recorded that the Mall, Lahore, 
the main thoroughfare of the Capital of the Province, was last remetalled 
and originally tarred in 1916, and for the 17 years has withstood heavy 
traffic with very little ill effect. But it would appear that the " limit of 
saturation ” is reached at about 600 tons to the yard width, and there are 
certainly stretches of road in the vicinity of large Punjab towns, where 
such condition has been attained. 

19. Tar used as binder or matrix . — Not much progress has been made 
in recent years in the application of Tar, Bitumens, etc., as incorporated 
binders. The reasons for this are probably as follows : — 

(i) Cost. 

{ii) This is “ Original work ” and therefore requires special sanction 
as such. 

Recently, however, premised tar carpets have been tried with a view to 
economies in metalling of the sub-grade, the latter being reduced from 
4£ inches to 3 inches. The method adopted is to use 1 inch of clappings pre- 
mised with No. 2 Tar and allowed to cool off for ten days. Before laying 
the existing road surface has to be treated or painted with tar No. 1. The 
•cost of the one inch thick premised carpet is in the neighbourhood of Rs. 7 
per hundred square feet. Such work as has been done is experimental and 
its life and capacity remains to be seen and at present it would appear 
that, when metal is plentiful and cheap, tar surfacing at Rs. 4 per hundred 
square feet (two coats) remains the more economical method for roads carry- 
ing traffic upto 250 tons per yard width. 

20, Tar and pitch grout . — A mixture of tar and pitch has been used 
with some success where the cost of metal was abnormally high due to 
distance from source of supply, e.g., in the plains at distances of 300 and 
400 miles from the nearest quarries. Here the aggregate has often been 
usually burnt and broken to 2" gauge at site, and used 3£' f thick consoli- 
dated ; the binder or matrix being tar mixed with pitch in the proportion 
1 tar : 1 pitch for grout, and 1 tar : £ pitch for seal coat. Imported hard 
«8tone grit is of course used for the sealing surface (on Lahore-Harike Road 
1929). The cost of this type of work was Rs. 27 per hundred square feet 
■or excluding the cost of brick metalling Rs. 22. The work was admittedly 

experimental but good results have been obtained over a number of years 
■on light trafficked roads. The admixture of pitch with tar is, however, of 
doubtful efficacy in the Punjab, and tar alone as a matrix should give 
equally good, if not better, results with broken brick aggregate using about 
-twice the amount of tar required for stone. 

Bitumens. 

. 21. Initial paint coats not a success . — Bitumen is an imported material. 
3t has been used in the past as a binder with varying success for premix and 
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grouting and even “ pave work ”, e.g., whole burnt bricks steeped in bitu- 
men. Formerly initial seal coats or surfacing work of an experimental nature 
■were tried on various roads in the Punjab, but in the majority of cases were 
a failure. It would appear that the difficulty of the thorough removal of 
dust from the water bound surfaces was responsible for the lack of success. 
Bitumen in liquid state in contact with dust appears to lose its property of 
spreading and the carpet or coating may be as easily removable from the 
sub-grade as a mat from a floor. However, recently the use of “ Spramex ” 
has been extended for second and third coats over initial coats of tar and 
with much success. Over tar a smooth, even, surface is obtainable, which 
appears to be tougher and more lasting than tar. Its application is more, 
difficult than that of tar, and a properly equipped sprayer is an essential. 
Successful surfacing with this material is obtained so long as the coat is laid 
thin. Failure has occurred through an excess of the bitumen resulting- 
in ridging and unevenness. At a cost of Rs. 146 ton, “ Spramex ” compares 
favourably in price with tar (Rs. 132) and at Rs. 1-10-0 per hundred square 
feet, it is probable that its use will be extended for second and subsequent, 
coats. A great disadvantage is its slipperiness in winter. 

Emulsions. 

22. From the foregoing it would appear that emulsions which require, 
no heating, and can he easily poured from their containers, should be exten- 
sively used for surfacing. There are a variety of emulsified tars and bitu- 
men on the market, hut at present their high cost in the Punjab have not 
made their general use possible. Emulsifying plants at present exist only 
at seaports, or large cities, such as Peshawar and Lahore at distances vary- 
ing from 200 to 800 miles, and therefore water carried in hulk represents 
much of the cost of transport. 

Examples of emulsions in use are : — 

(a) “ Colas ” an emulsion of bitumen marketed by the Burmah- 

Shell Company. This material cost last year Rs. 157 at 
Peshawar and with freight to Rawalpindi, etc., cost Rs. 167-4 0 
at site of work. The cost per hundred square feet . was- 
Rs. 2-12-0 for a second coat over tar. The price of this has 
been recently reduced to Rs. 140 ex-factory. 

(b) “ Bitumuls ” an emulsion of American origin ma rketed by 

Sbaw Wallace and Company, Calcutta. Cost at Rawalpindi 
Rs. 157-4-0 per ton at site, and cost of second coat, over tar 
Rs. 2-10-0 per hundred square feet. 

(c) “ Mexaco ” a road oil, said to contain 65 per cent, of bit umen , 

made by Road Oils (India), Calcutta, cost at Rawalpindi 
Rs. 197-8-0. Cost of ' a second coat Rs. 2-5-0 per hundred square 
feet. This is a thin bodied material of great covering capacity. 

It will be seen however that these figures compare unfavourably with tar 
at Rs. 1-7-0 hundred square feet for second coats. With labour costs being such 
a minor item of expenditure, there is no set-off to the additional quantities 
used. For whereas l/10th of a cwt. of tar will cover one hundred square feet. 
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it requires l/5th to l/4fh of a cwt. of emulsion to do the same, the additional 
weight being largely water. Bitumen emulsions have, however, been used with 
success over initial costs of tar. At present their high cost in comparison with 
the latter does not seem to be justified. For first coats over water-bound sur- 
faces, tiiey have not been successful so far. 
t * 

* ’ - 23. Slipperiness . — With a range of shade temperature of from 30°F. to 
Tl5 e F. road surfaces in Northern Tndia arc subject to a wide variety of weather 
condition and stress, but as the rainfall is more or less confined to a few months 
in the year, there is far less occasion for roads to get muddy or greasy than in 

-Western countries. Tar definitely gives a surface of a rougher texture than 

• bitumen, and is less liable to cause skids when wet. 

• 24'. Tar on steep grade's . — In the last two years the Rawalpindi-Murree- 
Kaslunir-Road has been surfaced as far as Koliala, the Kashmir boundary. 
.Owing to the extended use of this road by bullock and mule carts, and to the 
hilly nature of the road with innumerable curves and “ hairpin bends ”, the 
water proofing of the road, though urgent in view of very heavy loTry and other 
motor traffic, was for some time avoided because of the fear of accidents from 
excessive slipperincss. This road rises from Rawalpindi, at 1,720 feet above sea ; 
level to Murree (at 6,697 feet), with one section of 13 miles at a grade of 1 in 18 
and then falls to the river Jhelum at Kohala, the Kashmir boundary, at an 
average'grade of 1 in 27 ; the total distance being 64 miles. The road has been 
tgr surfaced during the past two years, and it would seem that the miscellaneous 
traffic, normal to the Indian road, still can use it with ease, comfort and safety, 
and that with good traffic control, accidents are extremely rare at all times of 
the year, even in winter when the hills are frost bound, and snow clearance is 
necessary for a period of three months. Bitunjen surfacing, is, however, avoid- 
ed on the' steep grades (steeper than 1 : 30). 

25. Conclusion . — The use of tar in the North of India for road surfacing 
lias proved its value and lias come to stay. In future roads of more permanent 
and solid construction will probably be necessary as the intensity of traffic 
increases ; moreover since Portland Cement is manufactured in the Province, 
the construction of concrete roads appears to bo the solution. But initial costs 
are a very great consideration. 

26. Road loans arc under consideration and it may be that as a 
result development will proceed on more modern lines and recurring mainte- 
nance charges be reduced to much smaller proportions. But this can only 
be an achievement of the future. Meanwhile the situation is beiug saved by 
the use of the tar. Annual expenditure is being reduced, the road user, parti- 
cularly the motorist, is assured of a permanent and reliable road, the road 
fabric is protected and preserved, and journeys are quicker and safer. 



APPENDIX A. 

Statement showing comparison of analysis of figures for the first coat tarring in all Sub-Divisions o* Rawalpindi Provincial Divisioii . 
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APPENDIX B. 

Tar Surfacing ( Tar applied Hot). Specifications' and conditions (revised 1932-33). 

1. Definition and scope.— “ Tar surfacing ” is distinct from “ Tar painting ” and consists 
•of a wearing cushion or coat applied to tho surface of water hound macadam, with the object 
of providing bettor skin binding to tho metal, and a cushion to reduce wear, and thus extend 
"the lifo of tho mooadam and indirectly to afford a smooth and dnslloss travelling surface 
'Strictly spoaking it consists of grit (bajri) held together with tar to form a conglomerate" 
•or tor macadam, laid to fill all irregularities in tho water bound macadam surfaoo and 
’bringing tho same tip to a smooth and oven water-proof surfaco. 

2. The ideal surface for tar surfacing. — Tho water bound metalled surfaco to bo treated 
•shall bo truo to cambor, froo of pot holes, ruts and other dofocts, such as dusty or wet 
patches. In renewing metalling no earth or sand shall be usod as a binding matorial and 
the consolidation shall bo carefully oxoculod so as to present as smooth and even a 
•surface ns possiblo, with the motal well compacted. 

Stono that produces a “ Glossy ’’ or very glared surfaco on fracture shall bo avoided 
•for uso ns motal. Tho boat water bound macadam for tar surfacing is produced by tiro uso 
of Pathankot or Jammu quartzilo blinded with bard boulder lime stono bajri ; but when 
tho lattor is not available, lime stono bajri thoroughly clonn and freo of dust obtainod from 
scarifying tlio limo stone metalling may bo used. 

3. Dust and Dampness. — These two faotors are tho groat03l enemies of this class of 
work and shall bo rigidly avoided and guardod against ; as any dust or dampness in tho 
surfaco to bo tor surfaced will spell disaster. 

4. Healing the Tar. — Tlio most rigid precautions shall bo takon to soo that noithor 
“ ovorhoating ” or “ undor boating ” Is allowed, oithor during tho actual hoating or when 
■applying tho tar. Tho tomporature to which tho tar is to bo boated ns specified by the 
manufacturers shall be strictly observed and adopted, and for this purposo hoating plant 
shall carry, as accessories, at least two suitablo thormomotors for tho regular testing of tho 
.hoating. 

5. Plant. — Suitablo and sufficient tar hoatovs, spravors, measures, spreadors, squoo- 
:goos, straight edges, tomplatos, cords, barriors, brushes (hard and soft), shall bo duly 
arranged and collected at silo, before tho actual hoating of the tar is commonccd. 

6. General working instructions. 

(a) Sufficient materials and plnnt hnving boon collected at sito, carefully examine 
motallad surfneo to bo trontod for minor depressions and irrogulnritios which 
neod filling up and bring thorn up to tho dosired level and surfneo with bajri 
and tar (applied hot) consolidated with hand rammers. 

i (b) Tho borms having boon repaired and brought up to full formation level and tem- 
plate (except whon thoro are reasons that this shall bo dono aftor tar sur- 
facing), and having arranged for tho passago of traffic oithor along the borms 
, or along a tomporary divorsion for the poriod tho tar surfacing is in progress, 
place road-closed barriors to oncloso ono furlong of tho road, and thon 
thoroughly water tho berms to lay tho duBt, and thon hoop watered to onsuro 
that no dust lies on tho surface to bo troatod, or on tho nowly laid tar surfac- 
ing. On completion of tho tnrsurfacinginthatfurlong repeat this operation 
to ond of work, opening out tho complotod lengths to traffic as soon as tlio tar 
has set sufficiently. 

>.(c) The tar surfacing oponod to traffic shall bo carefully examined noxt day and any 
minor dofocts such as “ sweating of tar ” or “ hungry patches ” shall bo cor- 
rected, tho formor by tho sprinkling of a Iittlo fino bajri rauiraod with hand 
rammers tho lattor by tho application of a Iittlo more boated tar sprinklod 
with a Iittlo fino bajri and thon rammed, care boing takon that noithor process 
causes any humping or olovation out of tlio true to mp Into and cambor of tire 
ivoad. 


J 
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<</) In the caso of renewal of old tar surfacing, or what is commonly known as tlie- 
second or subsequent coats, all scaly or detached patches must he carefully- 
removed and repairs oxecutod as indicated in paras. ( a ) and (c) above, before- 
the renewal coat is started. 

(e) No sand shall be used in tar surfacing or in repairing tho same. 

7. Application of tar surfacing using Shalimar No. 2 . — After compliance with tho fore- 
going instructions thoroughly cloan the surface to be treated, with hard' and soft brushes- 
to remove all dust, dung, mud and other matter that may impair tho adhosivo action and 
properties of tho tar. Heat tho tar gradually to 250 s ]?. and maintain temperature while- 
applying to tho surface, mark out tho extent to which tho quality of taT is to bo spread ac- 
cording to tho capacity of tho tar-pouring bucket in use, so as to ensure that an average 
of 0-25 hundredweight of tar shall cover 100 square feet of road surface. Tho pouring of 
the tar shall be started at the ridge, or highest point of the camber and continued to tho edgo, 
and care shall be taken that the whole metalled width is covered and that no tar goes to 
waste on the berms and that tho odges arc straight and not ragged. Spreaders of squeogeos 
shall then be applied so that a coat of even thickness of tar is onsured, when the gritting, 
winch shall consist of i inch to inch gauge bajri (Haro river shingle) shall bo done by 
means of “ spraying ” or “ throwing ” the grit in an even thickness over the coat of tar into 
which it will sink and to an extent that will form a compact conglomerate after rolling. 
Tho average amount of such grit shall be about 2 cubic feet per 100 square feet treated, pro- 
vided at all times that no “ sweating ” or “ Hungry patches ” Bhall occur. Rolling with a 
light steam road roller shall bo started and continued until tho tor and grit form a compact 
mass as a true conglomerate. As soon as this tar surfacing has sot sufficiently, traffic may- 
be allowed over it and the work completed as under paragraph (6). 

8. Second and subsequent coats. — The operations shall be the same as for the first or 
initial coats except that in place of 0-25 hundredweight of tar, the avorage amount will be,- 
0-1 hundredweight per 100 square feet and the grit shall be £ inch to J inch or course- 
clean Haro shingle. Tho average amount of suoh fine grit or sand shall be about one cubic 
foot per 100 square feet. 

9. Bates and conditions — 

(а) Tho rates include all cost for finished work, but the steam road rollers, template- 

road barriers and tar boilers will be supplied on loan free of charge by Gov- 
ernment at the nearest godown or storage place and the contractor will’ 
arrange his own carriage to and from work and will return them in the condi- - 
tion they were supplied, excepting for fair wear and tear. The running 
expenses of Steam Road Roller including the work charged establishment 
employed oh same shall be recovered from tho contractor from tho day ho - 
takes it over to the day he returns it. 

(б) Any temporary diversion necessary to keep traffic off the berms shall, if directed 

by tho officer-in-charge, be made and maintained by the contractor on terms 
that shall be approved in advance. 

(c) The tar shall be supplied to the contractor at Rs. 132 per ton inclusive of the 

drums free on rail at nearest railway station or storage area that serves the 
miles to be treated. If those are more than 8 miles distance from the miles 
to be treated the contractor will be paid carriage at the rates agreed for the- 
extra leads beyond 8 miles. The contractor shall be responsible for all 
leakages that may occur during his handling the tar. If the tar is delivered 
to the contractor at roadside then the cost of oarriagofor tho whole lead shall be ■ 
recovered from the contractor at the rotes entered for carriage in tho agree- 
ments less the contractor’s abatement. ' 

(d) Tho tendered abatement shall be levied on all the rates inoludod in the contract. 

(e) Tho number of miles entered for the treatment in the contract shall be subject to - 

alteration as may be found nooessaiy. 
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~Mt. S. G. Stubbs ( the Author ) : Mr. Chairman and gentlemen : Both 
Mr. Trevor- Jones’ paper and mine were written for the International Road 
Congress and have merely outlined what was done in the Punjab and 
indicate what we hope to do in the future and they are in no sense a 
thesis on roads. I have little to add to what has been said in these papers 
but as far ns my own paper is concerned, I would like to emphasise that 
‘•opinions expressed in it are my own based on my own personal experience 
and arc not the considered opinions of the Local Government or of the 
■Chief Engineer. There 1ms been some misapprehension about the speci- 
fication which has been described by me as water-bound premix winch 
.i> referred to in my paper and which was criticised yesterday. This 
•misconception will partly bo removed when I say that the specification 
.is water-bound premix and not mud-bound premix. the process merely 
•consisting of spreading a 2-inch tar or bitumen carpet on to water-bound 
road. The greatest care is needed in the preparation of the base upon 
which the carpet is to be laid. Tlie base must be firm and Btable but 
unblinded and llie surface of sufficient open texture to permit the carpet 
<o key on to it. The object of water is to facilitate interlocking but it 
should not lie used in excess otherwise mud is bound to be forced into the 
carpet with disastrous results. Some 20 miles of this specification lias 
boon laid in my circle and there is only one case of failure and that was 
fin the Knllca-ftinilu road, about 5 miles from Simla. The chief reason of 
•this failure was due to iho fact that traffic was not In pi ufT the base during 
.the construction nnd thus interlocking was impossible. Besides, the metal 
mid chips .in this particular section of the road are verv soft and are easily 
.crushed. 7f is rpally impossible io lav any sort of carpet under those 
.conditions. This specification has bc-en described as unscientific This 
description is far from accurate. It is no less scientific than most other 
carpet'- which are just, as likely to fail if they are not prnpi-rly lahl. Best 
results have been obtained from this specification on Knnkar roads where 
complete grafting is effected. That is all T have to snv nf the moment. 


The following paper was also submitted for discussion. 
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( Paper No\ 6.) 

Asphalt Hoads. 

By G. G. 0. Adamt, B.A. (Cantab.). 

(Bvrmah Shell Oil Storage and Distributing Company of India, Ltd.) 

1. The intention of this paper is to present a brief account of the- 
development of the various types of Asphalt Hoad Specifications that 
have been laid or are now under trial in India. The underlying reasons 
for the development of such types of construction will be discussed- and 
an endeavour made to explain where they have succeeded or failed to 
meet certain conditions which are typical of India as a whole or ate 
peculiar to certain parts ,of India only. This entails some consideration 
of the factors which control the selection of suitable specifications, factors- 
such as type and intensity of Traffic, availability of suitable materials, 
economic considerations, etc. 

2. An attempt is also made to indicate the type s of construction which 
appear most promising as solutions of road surfacing problems in India 
and which deserve prior consideration in experimental works to be carried' 
out in the near future. 

3. This is the first Indian Hoads Congress and therefore, reference _ 
cannot be made to earlier papers dealing with the basic theories and 
facts of the technique of Asphalt road construction. Since, however, a 
true appreciation of the functions of the stone and the binder is essential- 
to a proper understanding of whut follows, it is necessary • that these 
Ghould first be recapitulated albeit as briefly as possible. 

4. Function of the stone . — Stone is the traditional road building mate- 
rial and probably will always remain so; it is the Stone which carries- 
the traffic and, hence, all other things being equal, the hardest and 
toughest stone will make the best road. As will be shown later, the 
most important consideration in the selection of a suitable specification 
for given traffic conditions concerns the quality of the available stone; 
the importance of this consideration is obvious in view of the fact that 
it is the stone which is going to provide the wearing quality of the road. 

5. The Stones form the weight carrying skeleton but they require 
to be keyed tightly together to provide lateral stability otherwise they 
will ravel. The Homans obtained lateral stability by using dressed stones, 
such as Stone-Sets, etc., which fitted tightly together and prevented 
movement but their cost to-day is prohibitive, except under special circum- 
stances, especially in view of the fact that they require a rigid inundation- 
to provide a smooth surface. Macadam discovered that if small frag- 
ments of stone, broken to different sizes and of irregular shape were spread 
and forced tightly together under a heavy roller, they would key together 
and provide sufficient inherent stability, through interlocking, to meet 
the requirements of the traffic of his day. 

6. Hi s theory amounted, in fact, to the reconstruction of the solid 
rock by the use of stones of different sizes in such proportions that the- 
smaller stones would fit into the spaces between the larger .stones and, by 
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fitting tightly and having their own voids filled with still smaller frag- 
ments, would wedge the interlocked stones firmly into position and prevent 
their displacement under traffic stresses. The inherent stability of the 
mass is dependent on the interlocking which, in turn, is maintained by 
tho wedging of the smaller fragments; so soon, however, as the stones 
are free to move through displacement ,of the wedging material or are 
forced to move under heavy loads, there is no stability and the road 
disintegrates. 

7. This theory is still the fundamental basis of nearly every type 
of road construction. Macadam used water to wash his very smallest 
wedges into position while to-day a binder, Asphalt, Tar or Cement, in 
generally used to reinforce the interlock and prevent, movement aud 
displacement. 

8. Function of ihc Asphalt . — The interlocking of the stone on a road 
can be destroyed in two ways, namely (a) by the wedging material 
between tho interlocked stones being removed, in which case there is 
no lateral support for the interlocked stone? and they move out of 
position, and (b) loads which arc greater than the inherent stability of 
the wedged and interlocked stones can carry; such loads by sheer 
mngnitudo force the stones and their wedges apart and disrupt tin* 
interlock. 

9. Briefly (a) is enused by fast traffic, tho wheels of which suck the 
wedging material from out between the stones on the surfnee sun, wind 
Mid rain also help to dislodge this material. In (a), therefore, disintegra- 
tion commences on the surface and gradually work* downward*. In the 
case of (b) the damage is generally duo by slow moving, nnww iron 
tyres; the small bearing surface of the narrow rim intensifies the load 
and disrupts the interlock by sheer weight.. 

10- A combination of (a) and (6), that is a ronrl carrying mixed traffic 
is the most disastrous, for tile, fast frnffic loosens the surface for the 
iron tyres to break up. 

11. The cure for (a) is to treat the surfnee of the road with some 
material which will form a protective skin and so prevent the wedging 
material being removed. Such a skin must bo impervious to rnin and 
moisture, must not "weather”, and must be sufficiently tough to resist 
wear from traffic using tile road for, the moment, the skin is h’okr-n. the 
material wedging the stone into position is exposed, liable to be removed 
and so allows tho commencement of disintegration. This typo of treat- 
ment is known ns surfnee treatment. 

12, In the case of (b), in order to strengthen the wedging effect of the 
smaller stones and help to keep them nml the largo stones from being 
disrupted, a binder. Asphalt, is introduced into the road itself and which, 
through itB binding powers, will bold the stones together and prevent 
their displacement. 

18. Tuto main ii/pcs of Asphalt construction. — It. will he appreciated’ 
from the foregoing, therefore, Unit there nre two main types r f Asphalt 
construction, namely (1) the protection of tin* surface of the road only 
and (2) the incorporation of tho Asphalt into the body of the road itself 
to increase the resistance of Hie alone to displacement from traffic 
stresses. Thero are, of course, a grant many varieties of these two 
main typos. 
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14. Types of construction used in India up to 1930 . — In India, up io 
J930, outside one or two large cities and some special works sucli as the 
Cawnpore-Jhansi Boad and the Nili Bar Project there were only two 
types of Asphalt construction used, namely, Single and Double Coat 
Surface Dressing for light traffic roads, and Grouting or Semi-Grouting 
for medium and heavy traffic roads. The former merely consisted of the 
spreading of a thin layer of Asphalt in either ,one or two coats on the 
surface of the road and blinding with stone or bajri chips. The latter 
was an attempt to incorporate the Asphalt into the body of the road by 
first spreading the stones and then pouring the Asphalt over them s o 
that it would trickle down and coat all the stones. Either Hot Asphalt 
or Emulsified Asphalt was used. 

15. This period was devoid of any experiments with new specifications 
end really amounted to being a period during which Indian conditions 
were being watched and the defects of these methods to meet local condi- 
tions studied with a view to ascertaining what would be the most promising 
line of experiment. 

16. Criticism of Single Coat Surface Dressing . — The scope of Single 
Coat Surface Dressing hag been found to be definitely limited under the 
following headings: — 

(1) A Single Coal of Surface Dressing requires to be laid on a 

well consolidated macadam road, or a surface which contains 
plenty of firmly embedded metal or gravel, otherwise a 
priming coat is required which adds to the cost. 

(2) Since a Single Coat Surface Dressing is usually earned out 

at not more than l/3rd gallon per sq. yd. the film deposited 
is thin and, therefore, the contour oi the treated surface will 
conform to that of the base. Hence if a smooth, true surface 
is required, it is necessary first to re-section the base. This 
means that the salvage value of an old road often has to be 
sacrificed, besides the expense of re-sectioning. 

(3) The film of Asphalt being thin it can only be expected, in 

all fairness, to carry motor traffic with a very minimum 
of iron tyred traffic. Iron tyres quickly cut through the 
very thin film. 

(4) The argument is advanced that, because a Single C.oat Surface 

Dressing is initially inexpensive and the cost of repainting 
low, it is cheapest in the long run to lay a single coat and 
repaint from year to year or every two years or three years 
depending on the volume of traffic. The effect, however, 
of repainting is eventually to build up a thick mat which 
is excessively rich in bitumen and will wave and corrugate 
under traffic. 

17. Recommendation . — Single Coat Surface Dressing should onlv be 
used in cases where traffic consists of rabbet- tyred vehicles with only 
a very small percentage of light iron tyred traffic. Single Coat Surface 
Dressing is the cheapest type of Asphalt construction and i? of definite 
value on certain light trafficked roadr such as Cantonment and purely 
residential roads where iron tyred traffic is largely excluded. If it is 
found that a single coat will not last more than two years without 
repainting then an alternative type of construction should he considered 
as is recommended further on. 



149 


13. Criticism of two coat surface dressing.— ( 1) Whereas by using a 
large' size stone J” to $" for blinding the first application of tho Asphalt 
■an appreciably thick mat cm be built up which will cope with certain 
unevennesses of the base, it is generally necessary to ra-section the 
<base before laying the dressing. This costs money as well u8 losing the 
salvage value of the old base. 

19. (2) An excessive quantity of Asphalt has to be used in two-coat 
-surface dressing even to obtain the jT to f" thickness of the construction. 
Allowing a first application of {- gallon per sq. yd. and a second of l/3rd 
.gallon and blindage at 4 and 3 cub. ft. per 100 sq. ft. it means that 
•approximately 65 lbs. of Asphalt aiv required to coat and absorb say 
7 cub. ft. of stone or a little more than 9 lbs. per cub. ft. By methods 
•described later on, it would be possible to coat 20 oub. ft. of stone with 
the same quantity of Asphalt and so build up at least a 1J" thick mat. 
The metli.od therefore is most uneconomical. 

20. (3) Although this method gives a stronger surface than single coat, 
it is not strong enough to carry any appreciable volume of iron tyred 
•traffic. 

21. Recommendation, — Two coat surface dressing should be discontinued 
•for it is a most uneconomical type of construction and does not give value 
for money. 

22. Criticism of grouting methods. — As already pointed out, Grouting or 
•Semi- Grouting was employed universally in India prior to 1930 for heavy 

traffic or medium .heavy traffic. Whereas very satisfactory results have 
been obtained with this method on all except very heavy trafficked roads 
it has two serious defects; namely, that it is a waslefully expensive method 
-and also that it can never hope to cope with really heavy traffic. The 
reason for b,oth these defects is the same, namely, that an excess of 
Asphalt has to he used; that is to say an excess as compared to other 
-methods. In the grouting or penetration methods the stone is fust spread 
cn the road and the Asphalt poured over it in order that it may flow 
■down through the interstices and reach nnfi coat the lowest layer of stone. 
Tn the ease of Hot Asphalts, the interstices between tbe stones have tr 
be left rather wide so as not to impede the flow of tbe quickly cooling 
Asphalt and lienee, apart from tlio excess of Asphalt due to the fact that 
-some goes merely to All tile voids, there is no groat density of stone since 
the use of small stone would block tbe interstices. With Asphalt emulsions 
matters are improved because the emulsion, being applied cold and of low 
viscosity, will flow down through comparatively small interstices and 
therefore a dense graded stone can be used. 

23. Generally speaking, a 21" consolidated grout requires at least 11 

gallon per sq. yd. for, the grouting, exclusive of the subsequent seal. 
Allowing 25 cub. ft, of stone per 100 sq. ft. this means 5'fi lbs. cf 

Asphalt per cub. ft. T5y other methods not moi’e than 3'5 lbs would be 

required and a saving of 5 gallons per 100 sq. ft. effected. Tbe same 

-quantity of emulsion would be required as of Hot Asphalt at least and, 

-although the quantity of bitumen deposited would be less, there worn a 
-still be tbe extra cost, because of the extra 5 gallons of emulsion usefi for 
100 sq. ft. 

24. The some arguments apply in the case of a Semi Grout. 



25. Conclusion . — The Grouting Penetration method is a thoroughly un- 
economical method apart from the fact that it does not provide the same 
strength as other methods which are to be described ; in fact the excess of 
binder which makes it uneconomical also is detrimental to the strength for 
it acts as a lubricator and, under heavy traffic, waving occurs. Grouting is. 
new almost entirely discontinued in India. 

26. Trend of specifications since 1930. — Since 1930, experimentation has 
been carried out, both officially and by those commercially interested, with, 
a view to finding suitable specifications which will allow not only the 
laying of a denser and, therefore, stronger mat but also a reduction in costs 
by using less bitumen. The obvious means of achieving these was to pre- 
coat the stones before laying it on the road. Hence experiments have 
almost entirely been directed in this direction : there have also been 
experiments whose object was to increase the density without materially 
reducing the quantity of binder, but in such cases there have been 
extraneous circumstances which enabled savings to be effected 
in other directions than in the saving of binder. Armour Coat and retroada 
are examples of this. These will be dealt with later. 

27. Advantages of prc-cnating aggregate. — Briefly, as already stated, the 
advantages of pre-coaling the aggregate are (1) a very densely graded aggre- 
gate can be used (21 pre-coating allows the provision of the thinnest film of 
binder consonant with maximum binding, (3) by using a thin film of binder 
there is a saving in cost through reduction in the quantity of binder required 
and (4) danger of rutting or waving under traffic is avoided if there is no 
excess of binder. 

(I) As has been stated under "Function of Stone" the ideal is to 
reconstruct the solid rock and, Therefore, the denser the mat the stronger 
it -will be. In order to attain maximum density it is necessary that there 
should be a minimum of voids and hence a densely graded aggregate should 
contain fragments of stone varying in size in their correct proportions from 
li" to 2" right down to fine sand or filler. The proportions of each size 
required can be found by calculating the percentage of voids in each gauge- 
of stone and using only so much of the smaller size as will fill the voids in 
the size above. It can easily be appreciated that to coat each particle 
of such a densely graded aggregate by first spreading the aggregate on the 
road and pouring Asphalt over it is out of the question, coating alone can 
be effected by mixing with Asphalt in suitable mixers before being spread 
on the road. 


(II) By mixing the aggregate and binder together in a suitable mixing 
arrangemant it is possible to ensure that every particle of aggregate is 
coated with a uniform film of binder and that the thickness is only so 
great as will provide a maximum bind. 


28. Special quality of binder required for pre-mixing.— In order to coat 
an aggregate with a hinder it is necessary that the binder should be of 
sufficiently low viscosity during the mixing operation to allow a thin coating 
of binder to be given to each particle of aggregate. (The question of 
emulsions for this purpose will be dealt with further on; the following 
remains deal with Hot Asphalts). If an ordinary straight Hot Asphalt 
were to be brought into contact with a cold aggregate, it would immediately 
thicken and become too viscous for mixing. It i s obvious, therefore to- 
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pre-coat an aggregate it is necossary either to heat the stone to the same- 
temperature as the Asphalt or, treat the Asphalt in some way that it will 
not he too viscous when it is mixed with the cold stone. The former is- 
known as Hot-Mix and the latter, for want of a better name, will hqve be 
called Cold Mix although it is only the stone which is cold. 

29. Hot-Mix . — Until comparatively recently all pre-mix work was done 
on the Hot-Mix principle. But to heat the stone to the same temperature 
as the Asphalt requires a very large, expensive and cumbersome plant which 
at the best can only be semi-stationary. Buck a plant, therefore, can only 
be justified where there is annually a large programme of pre-mix wi thin 
a radius of a few miles of the depot in which the plant is situated. It 
is only in large Municipalitios such as Bombay, Calcutta, Madras, etc., 
that such a state of affairs exists and the establishment of a hot mix plant 
is justified. As this paper is chiefly concerned with read work outs.de 
Municipalities it is not necessary to make further reference to Hot-Mix., 
In view of recent developments in cold mix methods there reaily is not 
now any advantage in the Hot-Mix method except perhaps in dealing 
with sheet asphalt probably a rather thinner film can be given with hot- 
mix than cold mix and so shows some saving in cost, otherwise there are 
few real advantages. The cost and bulk of the plant puts it out of consi- 
deration for works in India outside the Municipalities. 

30. Cold Mix . — Here the stone is used cold and the Asphalt has to be 
specially treated so that it does not become too viscous during the mixing 
operation. This is achieved by adding a solvent, generally of the Kerosene 
or Gas Oil type to the Asphalt. This is known as Cutting Back and has 
the effect of thinning the Asphalt so that it remains of low viscosity even 
at comparatively low temperatures. After spreading on the road and. 
consolidation the solvent goes off leaving the Asphalt of its original penetra- 
tion. The quantity of solvent used which is one of the most important 
considerations depends on a number of factors which are discussed fully 
under different heads. The more solvent that is used, the easier is the 
mixing but the longer will the road take to harden up or “Set”. 

31. Emulsion Mixes . — Emulsions are of low viscosity at normal temper- 
atures and therefore there is no question of thickening from the 
temperature point of view. But there arc two important considerations 
in regard to emulsions for mixing purposes, namely (1) rate of break and 
(2) viscosity. 

(1) “Bate of Break ”. — Normal emulsions are of the "quick break” 
variety and, if they were used for mixing with aggregates consisting of graded 
particles, they would break almost immediately; the Asphalt would 
coagulate and there would be no proper coating. The greater the percen- 
tage of fines in the aggregate, the greater is the effect of breaking the 
emulsion. The mixing of graded aggregates necessitates the use of a “slow 
break” or stable type of emulsion. 

(2) Viscosity . — Consideration has to be given to the viscosity of the 
emulsion in pre-mixing. A coarse aggregate requires a more viscous 
emulsion than a fine aggregate, such as sand, because, if the emulsion 
is too thin it tends to flow freely off the big stones before depositing a thick 
enough film of Asphalt. To coat fines it is necessary to have a thin 
emulsion and the viscosity is often v educed below normal by dilution. 
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These, factors require special attention and different combinations of 
^coarse and fine aggregates require different viscosities of emulsion ; this is 
013110117 done by manipulating the viscosity by dilution with water. 

32. Plant required for pre-mixing.— It has already been mentioned that 
Hot-Mix requires an expensive plant costing at least Its. 50,000, in order to 
-heat the stone; the following applies, therefore, to the cold mix types. 

33. Gut-Backs . — The plant for inixiug the aggregate and the cut-back 
depends very largeh on the percentage of solvent in the cut -back. A 
heavily cut-back Asphalt mixes easily and mixing can be carried out either 
by hand, in a concrete mixer or in oscillating or revolving -10-gallon drums. 
When the solvent content docs not exceed 10 per coni . the asphalt would 
■be too stiff to mix easily and a pug-mill type of mixer is required. 

34. The question of plant is an important one and will be mentioned 
•again later for it enters the discussion on the question whether a quick-set 
road, which entails relatively costly plant, is of greater demand than a 
slow set road which requires cheap plant. 

35. Actually, apart from the initial cost of about Rs. 6,000 for a pug- 
mill type of mixer, such a mixer will turn out 150 to 200 batches a day, 
■each of 5 cub. ft. capacity, making an output of 750 to 1.000 cub. ft. per 
day. An oscillating drum at the very most will turn out 100 cub, ft. and, 
therefore, 8 to 10 drums arc required for the output of one mixer. This, 
however is all referred to hereafter in greater detail. 

36. Emulsion . — Owing to the low viscosit v of niiulsinns mixing can be 
done by hand, in diums or in a concrete mixer and no difficulties apart 
from the adjustment of Du* viscosity generally nii-c A -table emulsion 
•therefore has a distinct advantage over cut -backs from the point of view of 
ease of mixing by hand, although if done in a mixer the out-put would he 
scarcely greater than in the ease of out-backs. 

37. Dipping Process . — Mention must be made here to the Dipping 
Process as a means of coating aggregator with emulsions. By this process 
the aggregate is placed in a perforated bucket and dipped into the emulsion 
until all particles have come into contact with the emulsion. Excess is 
then allowed to drain off and the e sated acme gate spread on the road. 
The purpose of the Dipping Process is to avoid the stone coming in violent 
contact with the emulsion, as would occur in ordinary mixing, and so cause 
the emulsion, which is not a stable one, to break; in other words it is 
used in cases where it is dc-irel to obtain a pro-coated effect with a quick- 
break, unstable emulsion. Further reference is made to this process. 

38. Types of pre-mix. — There are thvoo main divisions of pre-mixes 
•available for road construction purposes in India : — 

1. The concrete type — Asphaltic concrete. 

2. The Macadam type — Asphalt Macadam. 

3. The Sheet or sand carpet type. 

It is necessary to explain those in some detail for a thorough understanding 
is essential when considerin';' the most suitable types of construction for 
certain conditions of traffic, aggregate, etc. 

39. The concrete type. — The concrete type aims at density and, there- 
fore, the aggregate generally cousists of coarse and fine aggregates in such 
-.proportion that there is a minimum of voids. The types of aggregate used 
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consists of stone, drippings, sand and filler, the intention, being that the- 
drippings fill the voids in the stone, the sand the voids in the drippings and- 
the filler the voids in the sand. The thaoretical proportion of each of these 
different sized fragments, can easily be calculated by measuring. the voids 
in each of the different sizes; theoretically, therefore, it is possible to 
produce a voidless mass for the binder will fill the voids in the filler. All 
orthodox text hooks on the subject of the design of asphaltic concrete 
emphasise this necessity for density by the use of a very carefully graded 
aggregate and all hot-mix asphaltic concrete jobs follow this theory religi- 
ously. Wliat follows is a personal opinion but, although it is rather against 
all orthodox theories on the subject, the opinion has been developed during 
a very , close study of the behaviour of asphaltic concrete roads in India 
and experience with constructions following this new theory has been amply 
justified. 

40. While there is no question as lu the soundness and correctness of 
the ihconj of eliminating voids by the use of a carefully graded aggregate, 
there is- a very great difficulty when it conies to practice. The quantity 
of each sized aggregate can be determined easily and correctly enough by 
measuring the total of the voids in the stone whose v-uds are 
to be filled, but it is impossible to measure the size and shape 
of the individual voids into which the individual fragments of stone 
are to fit,, for instance, suppose the largest size stone to bo used is of 
14" to 2" gauge and the volume of voids in it found to be 45 per cent 
then, according to the theory, tile quantity of the next size should be 45 
per cent less the volume of asphalt required to coat the large stone and' 
intermediate stone. But neither the theory nor the void test gives any 
indication as to wliat size of stone should be used for the purpose. Herein 
lies the difficulty for obviously, if too large n stone is used, instead of fitting 
into the void formed by the interlocked larger size stone, it will prevent 
the larger stone from interlocking tightly together. A further difficulty in 
practice is that- while it is simple enough to put the ingredients into the 
mixer in their proper proportions, when the ny’x comes out, especially after 
spreading on tlie road, there is no means to ensure a uniform distribution 
of the 'ingredients on the road : in oilier words to prevent segregation. 
If there is segregation then all the toil and trouble of calculating voids, etc. 
is of no avail. 

41. It must be remembered that the strength of the mat is dependent- 
on the interlocking of tlje Inrge stone and that the purposo of the smaller 
fragments is to fill up the spaco between these largo stone and prevent 
their moving; if the effect in practice on the road is for the intermediate- 
fragments .to tend to got between llio Inrge fragments and interfere with 
the interlock, they are doing move liann than good. There have been- 
cases in India, the asphaltic concrete on the Cawnpore-Jhansi^ rood laid 
in 1925 being an example, where a most carefully graded asphaltic concrete 
containing the minimum of voids and the correct percentage of binder has 
eventually tracked under concentrated bullock cart traffic; similar cases 
have also occurred in Bombay and Calcutta. Investigations have shown that 
there was nothing at fault with the grading of the aggregate and that the 
correct penetration of hinder had been used ; it -was noticed that the tracking- 
only occurred where there was very heavy iron tyred traffic which followed 
in its own tracks. Crndunllv the theory was evolved that the tyres were 
breaking the interlock of the stones and pushing them apart; the interlock 
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aiot being as effective as it should have been to withstand such severe 
•traffic. It soon became obvious that it was necessary to alter the design so 
as to eliminate any factors which might be tending to interfere with the 
Interlock. Eventually a solution was found and which has proved itself 
-under the most concentrated iron tyred traffic. This was to eliminate 
thp, intermediate sized fragments altogether and to use only a mixture 
•of large stone and sand. The advantages of this procedure are that there 
is nothing, provided the correct quantity of sand is used, to prevent the 
interlock of the large stone and that therefore maximum interlock is assured. 
.A mixture of sand and asphalt makes a good mastic and this mastic will 
easily fill into the voids and mould itself to the exact shape of the voids 
.so that they are exactly filled After the set of the asphalt this mastic 
sets very hard and so effectively locks the large stone into position. It 
is recommended, therefore, that whenever an asphaltic concrete' tyre of 
construction is to be used in India the aggregate should consist only of the 
■largest sized stone consonant with the thickness of the finished carpet, 
say, two-thirds, and a medium sand, sufficient in quantity to fill the voids 
in the stone with no excess to cause bulking. Slone generally has about 
45 per cent of voids and so allowing a small excess of sand to fill the surface ' 
voids and form a seal the usual proportions recommended are 2 parts by 
'volume of stone to one part of sand. Using a cut-back with a solvent 
content of less than 8 per cent, to ensure a quick set-up on the rond, the 
quantity of asphalt required to coat the stone is 3 to 3i lbs. per loose 
cub. ft. while the sand requires 6 to 0 lbs. per cub. ft, dependent upon 
•its fineness. 

42. In designing this improved form of asphaltic concrete it was also 
necessary to devise a means wherebv there would be no segregation of the 
stone and sand at the. time of spreading. This was obtained by first coating 
the stone with an excessively heavy coat of asphalt and then adding the 
sand after which a further small quantity of asphalt was added; the effect 
was that the sand adhered to the stone which was coated with the excess 
of asphalt and so was distributed evenly throughout the mix, each stone 
carrying sufficient sand round it to fill the void between it and the other 
stones when forced tight against them under the roller. The sand at the 
•time of mixing being a malleable mastic easily moulds itself to the shape 
of the voids. There is one point of importance to be remembers:! in this 
-technique and that is that the asphalt used must be rather viscous at the 
time of mixing otherwise it will not hold the sand to the stone nnd there 
will be some segregation; it has been found that- a cut-back with not more 
•than 8 per cent of solvent has the requisite viscosity. 

43. Summarising, the type of asphaltic concrete recommended for India 
is that the aggregate should consist of large stone and sand only, there 
being only sufficient sand to fill to the voids in the stone and provide a thin 
seal. The asphalt at the time of mixing should be sufficiently viscous to 
'hold the sand to the coated stone. The mixing procedure should be first 
"to coat the stone with two-thirds of the total asphalt required, then add 

the sand and continue mixing until it all adheres to the stone’ and then, 
’finally, add the balance of the asphalt. 

44. Macadam type .— The macadam type makes use of stone only and 
the large stones are held in place with smaller stones, no sand ‘being 
incorporated. This type of construction therefore is not so dense as the 
concrete type nnd so not so well capable of carrying heavy iron tyred 
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traffic, in flew ot tlie fact that it contains no sand, considerably less 
asphalt is required and it is therefore a cheaper type of construction. 
Asphalt macadam consists of a base course and a surfacing course the 
latter being required because there are more open voids on the surface 
through the omission of sand; the surfacing course may either be of coated 
chippings or of a liquid seal. 

Base Course. This consists of two sizes of stone, a large stone which 
provides the interlock and a small stone to wedge the largg ston& into 
position. Here again there is danger of the smaller stones interfering with 
the interlock and they should be used rather sparingly especially °if the 
surfacing course is to consist of coated chips. Generally speaking, if the 
available stone is of good hard quality, the composition of the base course 
should be about 65 per cent of large stone and 85 per cent of the small. 
The quantity of asphalt that the stone requires is 3 to 34 lbs. per cub. ft. 
It should be explained here that there is not the same concern with regard 
to the smaller stone interfering with the interlock of the large stone as 
in the case of the concrete types because the macadam construction is not 
generally used for such heavy traffic and so can better afford a slight inter- 
ference with the interlock. 

Surfacing Course.!— As already mentioned there are two types of sur- 
facing course and these are explained below. 

Liquid Seal. — ■After the base course has been spread and rolled, the 
surface is blinded with dry chippings at about 4 cub. ft. per 100 sq. ft. and 
rolled again. The object of these dry chips is to fill the surface voids and 
help to key the stone in the surface into position. A seal is then applied 
-at about \ gallon per sq. yd. and blinded with fine chippings. 

Mixed Chip Seal. — In this method as soon the base course is spread 
and rolled \ to $th inch chippings coated with Asphalt at the rate of 
33, to 4 lbs. of asphalt per cub. ft. are laid at the rate of 6 cub. ft. per 
100 sq. ft. and rolled well into the base course. There is really little 
lo choose between the mixed and the liquid seal. The former requires 
from 21 to 24 lbs. of asphalt per LOO sq. ft. while the latter takeE about 
30 lbs. but, if the work is to be done shortly before rain is expected, or 
if there is not much fast traffic on the road to help to seal the coated 
■chips, it is wiser generally to use the liquid seal which ensures a com- 
plete seal immediately. 

45. Sheet Asphalt Type. — Strictly speaking, the sheet asphalt type of 
construction uses sand only and is not usually laid to a greater depth 
than 2". A sand carpet has a very smooth surface immediately after 
rolling and does not require to be polished by traffic. It is of particular 

■value for foot paths, drivers, etc., but it is also proving very successful for 

medium trafficked roads in India and will carry appreciable iron tyred 
traffic. In India this sand carpet has been amended to meet certain 
•local conditions. In many parts of India broken stone is not only expen- 
sive and difficult to procure, especially in the smaller sizes, but the 
quality of the stone is unsuitable for road purposes, whereas sand is 
■plentiful and cheap. A sand carpet therefore is invaluable in many para 
of India and will give better results than a stone road. The went dis- 
advantage of a sand carpet is, however, that the sand requires from 6 o 

"9 lbs. of Asphalt to the cub. ft. to coat it and, therefore, the cost is 
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excessive. To get over this difficulty in India stone is added to the sand 
but only in such proportions that the stone is not the weight carrying 
skeleton; the sole function of the stone is to take up space, displace 
some of the saud and so reduce the quantity of asphalt required. The 
usual proportions are equal volumes of stone and sand; with this propor- 
tion of stone there is no question of the stone interlocking and carrying 
the wear of the traffic, it is merely embeded in the sand and taking up 
space. Therefore, provided the stone is not as soft as Itunhar, which 
would crush under the initial rolling and leave uncoatcd patches in the 
carpet, any kind of stone or gravel will serve the purpose. This type of 
construction is being found of great value in many parts of India where the 
quality of available stone is bad. 

4G. The mixing operation follows that of the concrete type, that is to 
say the stone is first coated and the sand added after, but in this ease the 
purpose of the sequence is not so much as to cause the saud to adhere to 
the stone and so prevent segregation as to ensure that the stone docs gee 
some coating'; if the stone and sand were fed in together the sand would 
absorb all the asphalt and leave the stone entirely uncoatcd. L’here is one 
other point of importance and that is that only 2A- lbs. of asphalt per 
cub. ft. are allowed for the stone ns against the 3 to 31 lbs. allowed in 
the other type, the i-«?a«on for this is that a« the stone only acts as a 
space filler to displace sand, it docs not require the same thickness .of 
film. 

47. The saving in asphalt obtained by adding the stone is very consider- 
able, for instance, for u It, inch consolidated thickness 10 cub. ft. per 100 
sq. ft. of sand would be required which at i> lbs. per cub. ft. would 
amount to 144 lbs. By using 3 cub. ft. of sand and 8 cub. ft. of stone at 
9 lbs. and 2jV lbs. per cub It. respectively only 92 lbs. of asphalt would 
be required. 

48. Armour Coat Retread Method *. — The three types of construction 
described above are best suited to cut-backs. It is possible to make these 
pre-mixes with emulsions, especially the macadam type provided a suit- 
able stable emulsion is used. When it comes to incorporating sand or 
other fines in conjunction with coarse stone, difficulties arise over viscosi- 
ties, etc., and very skilled supervision is required for each and every job. 
When, therefore, an emulsion is desired to be used and the 'same 
extent of density obtained on the road, a special type of construction is 
generally used which avoids the actual pre-mixing; these are given a 
variety of names but they arc all very similar whether they are Armour- 
coat, Built-up-mat, Be tread, etc. 

49. In these types' of construction ilio largest sized stone is first spread 
on the road and some fines scattered over them so that they fall into the 
voids. An application of emulsion is then given and an intermediate size 
stone scattered on so as to go into the voids of the stone. The fines which 
were first scattered on, were not intended to fill the voids but merely to 
be there so that when the intermediate stone was spread they would, 
in combination with them, help to fill the voids. After the intermediate, 
stone has been spread another application of the emulsion i« made and 
blinded with still smaller stone. So the operation goes on using every 
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size of stone in turn and making an application of emulsion after eaeti 
application. By this method it is possible to build up a very dense mat 
consisting of stone and sand and it can be built to any required thick- 
ness. No plant except sprayers with which to apply the emulsion are 
required. The only comments adverse to the method are that a range of 
graded stone is required and that rather more emulsion has to be used 
than in the case of pre-mixing. It builds, however, a good strong carpet 
provided the available stone is strong and tough. Further reference is 
made to this method later. 

50. The above describes the main types of construction with which 
experiments have been carried out during the past four years; the experi- 
ments have of course covered many varieties of these types a g well a 3 
means of pre-mixing such as plant pre-mix, drum pre-mix, grader pre- 
mix,. etc. Experiments also covered the thickness required for various 
traffic conditions as well as the applicability of the methods tc locally 
'available materials. It is impossible to go into all these here but the 
results of the experiments are referred to later in the discussion on the 
suitability of certain specifications to given conditions. It is absolutely 
necessary, however, to appreciate and understand the underlying principles 
of the main types of construction described above otherwise it is impossible 
to decide on the best specification to use for any road job; it has therefore 
been necessary to treat them at some length and in some detail. 

51. Thickness of carpets required in India. — Experience has indicated 
that three thicknesses of carpet are required for India; these are, Single 
Coat Surface Dressing, 1 to 1$" consolidated thickness and 2 to 3" thick- 
ness. Of these, as will be explained, the 1 to 1$" thickness has by far the 
greatest general utility. 

52. Single Coat Surface Dressing. — This is the cheapest of all types 
of asphalt construction and is of great value under certain conditions. Its- 
use should be confined to roads such as Cantonment roads, where iron 
tyred traffic is restricted to a very minimum. It must be appreciated 
that a Single Coat Surface Dressing is too thin to re-section a road and, 
therefore, it should only he used on surface, s which have previously been 
re-sectioned. A Surface Dressing may also serve a verv useful purpose 
in another direction; in eases where a waterbound road has been com- 
pletely re-made because its shape had passed re-sectioning by a 1$" mat, 
it is usually advisable to allow consolidation under traffic for some months 
before a carpet is laid upon it, but, if there is much fast traffic on the 
road not only is the dust nuisance severe but the macadam may be 
damaged considerably during the consolidating period. If a Single Coat 
Surface Dressing were applied immediately after the re-makiug of the 
waterbound macadam, it will protect the waterbound macadam, hasten 
consolidation and prove an excellent base when it has worn out for the 
1.1" carpet. It may be argued that- this procedure entails extra cost but, 
the increased strength given to the base and the assurance of perfect 
consolidation will prove invaluable in the later history of the road. 

53. One inch to one-half inches consolidated thickness. — This thickness 
of mat is of particular utility to Indio for two particular reasons, (a) it is 

K 
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sufficiently thick to cope with most unevennesses on old roads and so 
obviates the re-mak;ng of the base and, ( b ) such a carpet is strong 
enough to cope with the traffic found on most roads in India for it will 
take appreciable iron tyred traffic, as much as is generally found on roads 
outside main cities; it can take m unlimited amount of pneumatic tyred 
traffic. 


54. The most suitable specifications for the 1 to 1A" carpet are of the 
pre-mix type for they allow variations in the thickness to cope with 
inequalities without forming weak spots to a greater extent than other 
types of construction; for instance, in the Grouting methods or where the 
hinder is applied after the stone has been spread, it is impossible to toll 
whether there is a greater or lesser thickness of stone over an inequality 
in the base after the stone has been spread, yet the binder is applied 
at the same rate over the whole, resulting in "fat” nnd "bnre" patches. 

55. 2" to 3" Thickness . — Where traffic is very intense with a very 
high percentage of bullock carts, it is necessary to build up a thicker 
mat, the thickr ess beffig dependent upon the traffic. Generally speaking, 
such mats should not be more than 3" and 2t" is usually sufficient. The 
methods employed for these thicker mats are exactly the same as for 
the 3 A" except that re’atively larger stone is used. 

56. Gauge of stone to be used . — In all road construction methods it 
is importanc that no stone should be so large or so shaped that when it 
is in position on the road it will be of the thickness of the mat and so, 
of itself bear the complete load of the traffic : no stone is hard or strong 
enough to do this. On the other hand, it should always be borne in 
mind that the greater the individual masB, the greater is the strength 
and, therefore, as large stone should be used as possible, consonant with 
the stipulation stated .hove In other words, the stone should be of such 
a size that everywhere they are two deep nnd not more on the road. 
Since it is impossible to obtain absolutely cubicnl stones and every stone 
will be somewhat flattened, it may be laid down that the maximum gauge 
of the stone should be not more nor less than 2/3rds of the thickness of 
the final consolidated mat. 

57. Selection of specifications . — The selection of the proper specifica- 
tion for any road is primarily dependent on the traffic using the road and 
it is necessary to consider the suitability of the locally available aggre- 
gates from this point cf view; for instance, if the traffic is only medium- 
heavy but the quality of the- stone is poor, it is wiser to use an asphalt 
concrete type of construction rather than a "macadam. A second con- 
sideration is cost and, if the traffic is light it is foolish to use a construc- 
tion which is more expensive than is necessary; at the same time one 
type of aggregate, say, broken stone, may be so much more expensive 
than another, say, sand, that it is actually cheaper to use an asphaltic 
or sheet asphalt type of construction despite ‘the extra quantity of Asphalt 
that may be required. It is necessary, therefore, to have a clear idea 
of the quantities and types of aggregate, as well as of binder, required 
for t.ne various available Specifications; a table is given below which 
indicates these clearly for an area of 100 sq. ft. 
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'Table showing quantities of materials required per 100 sq. ft. for different 
methods of construction laid to a consolidated thickness of 1^". ‘ 


. Method 

of 

Construction. 

Aggregate 

‘ 

• 

Binder. 

Average 
Binder 
per cub. ft. 
of 

Aggregate. 

•Single Coat Surface 
Dressing. 

Blindage 

. 5 

cub. ft. 

® 1/3 gal. per sq. yd. 

37* 

Gibs. 

7-6 lbs. 

Asphaltic ' . 

Metal . 

. 15 

cub. ft. 

® 3 1/3 lbs. per cub. ft. . 

48 

lbs. 

5*33 lbs. 

•Concrete 

Sand . 

. 7- 

5 

® ^ * It II • • 

07-5 „ 



Total 

. 22’ 

S cub. ft. 

Total 

115-5 lbs. 


'Asplmltic t 

Metal . 

. 15 

cub. ft. 

@ 3 1/3 lbs. per cub. ft. . 

48 

IbB. 

3-5 lbs. 

Macadam . . - 

Chips . 

. 0 

11 

@<1/2 

20 

It j 


Mixed Seal. 

Total 

. 21 

cub. ft. 

Total 

74 

lbs. 


'Asphaltic 

Metal . 

. 15 

cub. ft. 

@ 3 1/3 lbs. per cub. ft. . 

48 

lbs. 

3-D lbs. 

'Macadam . 

Chips . 

. 4 

If 

Seal @ 1/3 gal. per 6q. yd. 

37" 

6 


'Liquid Seal 

Blindage 

. 3 

M 






Total 

• 22 

cub. ft. 

Total 

85-6 lbs. 


.Sheet Asphalt . 

Metal . 

. 8 

cub. It. 

® 2 1/2 lbs. per cub. ft. . 

20 

lbs. 

5-75 lbs. 


Band . 

. 8 


® !» »! »! • 

72 

If 


; 

Total 

. JO 

cub. ft. 

Total 

92 

lbs. 


iVrmourcont 

Metal . 

. 10 

cub. ft: 

Tark Coat @ l/5tli pal. 
per sq. yd. 

22 

lbs. 

6-1 lbs. 

With Emulsion 

Chips . 

. 3 

*1 

1st application @ 3/81h 
gal. 

42 

If 



Grit . 

. 5 

It 

2nd application @ 3/8tli 
gal. 

42 

M 



Blindage 

. 3 

> fl 

Seal @ J/Gtb gal. 

22 

>1 



Total 

. 21 

cub. ft. 

Total 

128 

lbs. 



• Thli Is the maximum : sand takes between 0 to 0 lbs, per cub. ft., usually 7 to 8 lbs. 
i It this type of construction Is <lonc just before the monsoon or If there Is only a little pneumatic 
•tyred traltte, It should bo sealed with asphalt at 1/Gtli gallon per sq. yd. and blinded with bujri at 3 cub. 
ft. per 100 sq. ft. This alters the flnnl liguro to * lbs. 

A T . n . — Where emulsions arc used the quantities required per cub. ft. of aggregate should be Increased 
■by '15 to 20 per cent. . 


58. Traffic . — Experience has shown that the various intensities ot 
• traffic shown below iv quire the following tones r»f construction: — 

Heavy Bullock cart .. . Asphaltic Concrete Type of Construction. 

Medium Bullock Cart Heavy Macadam Type of Construction Armour-coat. 

Motor Lorries. 


Morlium-Listht Bullock Can Sheet Asphalt. 

Heavy Motor Lorries. 

Medium Motor Traffic Light Surface Dressing. 

Bulioclr Carts. 
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For heavy Bulloch carts it is absolutely essential to have the densest 
possible mis so that the interlock cannot be disrupted by the loads and r 
therefore, the asphaltic concrete type of construction only should be used. 

59. Aggregate . — The quality of the available aggregate plays a most- 
important pars in the selection of the specification; too frequently in- 
sufficient attention is given t-o the aggregate, and specifications are used, 
which are unsuited to the quality of the stone. 

00. A macadam type of construction should never be used unless the- 
stone is of the very toughest variety or if the traffic is comparatively light; 
the reason for this is that however well graded a stone aggregate may 
bo, it is not so dense us in the asphaltic concrete type and, if one of the- 
larger stones fractures under a heavy vehicle, the stability of all the stones- 
around it is upset because the interlock is weakened and a pot-hole quickly 
develops. 

Cl. In the asphalt concrete type, however, the sand mastic fills the 
voids between the stor es completely and sets so hard that even if a stone- 
does fracture, the two parts of the stone cannot move apart and the 
stability is maintained. Stone such as is found in and around Delhi 
appears very hard but yet splinters and fractures easily under traffic and. 
this is the reason whv macadam types have not proved so satisfactory 
as the asphaltic concrete or Sheet Asphalt types. An examination of the- 
surface of Hamilton Boad will show a mosaic surface and it will be noticed 
that practically every stone that shows is badly splintered yet, because 
the sand mastic holds them together so tightly the whole stone is held 
fogoiher and not allowed to disintegrate. It is always advisable, therefore, 
when there is any doubt whatsoever over the quality of the stone, to- 
use the asphaltic concrete type instead of the macadam. 

62. The table above shows that actually there is very little difference- 
in the cost of the two methods because although the asphaltic concrete- 
type may use more asphalt in the main body, the macadam type requires- 
a s» al. 

68. Where stone is definitely poor in quality then the Sheet asphalt 
type of construction tbould be used because the sand will take the wear 
of traffic and the stone has no other function than to take up space and 
effect a Baving in the quantity of the binder required. The above may- 
be summarised as foH'-ws: — 

(1) The macadam types should only be used when the stone is of 

the very best quality. 

(2) Where therd is any doubt with regard to the stone then the- 

asphaltic concrete specification should be used. 

(3) When the stone is poor in quality then the Sheet Asphalt type- 

of construction should be used. 

(4) For heavy trafficked roads even if very good stone is available, 

it is wiser to use the asphaltic concrete type of construction. 

64. The following is a table which gives the quantity of binder, cut- 
back required to coat 1 cub. ft. loose of various aggregates. Where- 
emulsions are used, it is necessary to increase these quantities by 15 to 20- 
per cent. 
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'Tabic showing the amount of Cut-Bach Asphalt normally required by 

different aggregates. 


Aggregate. 

Gauge. 

Sp. Gr. 

Weight of 
ISltumen 
required 
per e. ft. 

Volume of 
Bitumen 
required per c. ft. 

■ t 

<1) Metal . . 

U'tol' ... . i 

2*Sto2*0 

23 to 3 lbs. 

0*040 c. ft. Aver. 

<2) „ 

About 70% of 11' to 1* 
and 30% of J' to 1'. 

2* 8 to 2'0 

8i to 33 „ 

0-052 „ „ 

.(3) Sand . - . 

About 70% passim; 10 
mesh screen and 30% 
passing }' screen with 
very little passing 80 
inesli. 

2*5 to2'0 

7 to 8 „ 

0*lQtO 0*12 „ „ 

•W „ • - 

All passing 10 mesh but 
with about 15% there- 
of passing SO mcsli 
screen. ] 

: 2*5 to 2*0 

1 

83 to 9 „ 

0*14 c. ft. Aver. 

<6) 

All passing 10 moeli but i 
wltll about 30% pass- 
ing 80 mesh 

2*5 to 2’ 0 

( 

11 to 113 „ 

0*174 „ „ 

*«J) filler of Portland 
cement type. 

About 80% passing 200 
rncfili screen. - 

2*0 to 3*1 

13 to 14 „ 

0-20B „ ., 

<7) nilor of the 
crueller duet 
type but 

Bcrecncd of 

course particles. 

AH passing io mc=h but 
containing about 30 to 
40% of 200 ine«h. 
Such flilers arc usually 
deQciuit In the Inter- 
mediate meshes. 

2*8to2*0 

1 

| 

11 to 12 „ 

0*177 „ „ 


Jt.B . — Where emulsions nre need, the quantities should be Increased by 15 to 20%. 

65. Type of binder. — There are two types of binder that can be used, 
namely, cut-backs and emulsions; these will be dealt with separately. 

66. Cut-Backs. — Having selected the type of constructions, Asphaltic 
Concrete, Asphalt Macadam or Sheet Asphalt the next point to decide 
is what cut-back should be used; a cut-back with a low solvent content 
■or a cut-back with a high solvent content. One of the main factors in 
this consideration, although it is one that is often given to great promi- 
nence, is the question of the plant to be used for the mixing operation 
for a high, solvent content allows the use of any kind of mixing from 
graders, oscillating drums, etc., to concrete mixers, while a low solvent 
content necessitates a proper pug-mill mixer. Before discussing the 
•question of plant, however, it is necessary to explain the effect of the use 
•of a high or low solvent content cut-back on the road. 

‘ 67. Low Setting and Quick Setting Cut-Backs. — The solvent tnkes an 
•appreciable time to come away from the asphalt, the time taken varying 
•according to the quantity of solvent in the asphalt. Hence a road built 
with a high solvent cut-back will take much longer to harden than one 
with a low content and this must have serious consideration — a consi- 
•deration which far outweighs the question of mixing plant. Apait from 
-the inconvenience to all concerned, engineer and public, from the closing 
•of a road for even one week in oi’der to allow it to set, there is another 
factor that is of importance. A cut-back road requires to have its final 
•consolidation by the traffic itself, no rolling can give the same consolida- 
tion, and therefore with a slow setting road, light pneumatic tyres^ should 
be allowed on first, then lorries and finally bullock carts; but it often 
happens that a road carries almost only bullock carts, or the motor buses 
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keep to the centre and. do not use the haunches; hence such a road never, 
becomes properly consolidated before the bullock carts get on and they 
promptly cut it to pieces. A good example of this was the experiment 
with mix-in-place on the Rhotak road in 1933. Mix-in-place with graders 
had proved successful in Baluchistan where traffic is almost exclusively 
pneumatic tyred and it was decided to experiment with the method at 
Delhi to see how it would cope with ordinary Indian conditions. The 
mix-in-place method with a grader necessitates the use of at least 20 per- 
cent. of solvent and so this percentage had to be used; the result of the 
experiment was found to be that although the road was closed to traffic 
for some time and rolled well and did not mark under motor bus traffic, 
as soon as bullock carts wer6 allowed on, they cut it to ribbons. 

68. It may safely be stated, therefore, that for roads which are to- 
carry bullock carts, even if the road can be closed indefinitely and rolling 
continued for days, it is essential that a low solvent content cut-back 
should be used which will allow an almost immediate “set”. A solvent’ 
content of less than 8 per cent, will allow a road to be opened to iron 
tyred traffic the next day without fear of damage; preferably not more 
than 8 per cent, should be used. 

69. Since almost all roads in India carry bullock carts, experience 
certainly indicates that it is of the utmost ' importance that the road 
should set up sufficiently to take bullock carts within 24 hours of comple- 
tion. This means that low solvent content cut-backs should only be used 
despite whatever difficulties their use may entail. 

70. Plant for -pre-mix . — The use of a low solvent cut-back entails &• 
proper mixing unit and it is this question of plant which often assumes 
such proportions in the eyes of many engineers that they lose all sight 
of the far greater necessity of a quick set on the road and other import- 
ant considerations which alone can give the road a long life. 

71. Unfortunately, a Pre-mixing plant is too often visualised as a huge 
unwieldy, very costly contraption: this undoubtedly is due to confusion 
with the type of plant required for hot-mix. 

72. Actually the type of mixture required for low solvent cut-backs is 
small and can be moved about the road by a few coolies. It merely 
consists of a 7 cub. ft. capacity mixing box and a power unit — usually of 
the cold starting diesel type; it can easily be drawn into the side of any 
road and moved along as the work progresses. The cost is about Rs. 6,000' 
to 6,500 while running costs amount only to some three or four rupees a 
day. The gang required for operating it consists of some six men and a 
mistry and it will turn out from 800 to 1,000 cub ft. of mixed material’ 
per day. Compare this with the number of oscillating or revolving drums' 
which would be required for the same output and the horde of coolies 
required which would congest any road. Apart from these considera- 
tions, a mixer ensures far better results, absolutely uniform coating of 
metal and it practically pays for itself by the saving in asphalt effected 
for it will coat the metal with a much thinner film than can any revolving 
drum. 

73. That the advantages of the mixer, despite its rather high initial' 
cost are beginning to be appreciated in India, is indicated by the fact that 
there are now some 30 such machines operating in India. 

74. Just as it took time to introduce the steam roller and convince 
engineers that it was a better proposition, economically and practically 
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than the hand drawn roller,- so it will perhaps take time to appreciate the 
advantages of the mixing unit ,over oscillating -and revolving drums. 

75. It must be 'fully appreciated that the advantages dependent on the 
use of a' quick set cut-back must under no circumstances be Ipst sight of 
by -hesitancy or nervousness over the question of plant. The purchase of 
d proper mixer is the soundest possible investment for it throws open all 
specifications whereas drum mixers limit the scope of specifications and 
this will result in wasteful methods. 

76. It is recommended that in all pre-mix work with cut-backs, the aim 
should be to have the road set r up as quickly as possible and that, there- 
fore, a low solvent content cut-back (not more than 8 per cent.) should be 
used. Proper mixing plant should be employed for the purpose, despite 
their apparent high initial price, because their use not only ensures an 
even mix, a thinner film of binder but also a quick set-up on the road. 

77. Emulsions . — It has already been pointed out that a special stable 
type of emulsion is required for pre-mix work and that there are certain 
complications over viscosity where the aggregate consists of coarse ana 
fine particles, hence the use of emulsions for pre-mix is generally limited 
to the macadam types of construction. However, when a suitable stable 
emulsion is available and the technique is properly understood, very good 
results can be obtained with emulsions even in the asphaltic concrete types 
of construction: the technique, however, is rather difficult and requires 
very considerable experience, it being impossible to lay down any standard 
specification and ea.cli job requiring to be studied and treated differently. 
For this reason, and because 15 to 20 per cent, more emulsion is required 
than in cut-back work, the cost of emulsion pre-mix of the asphaltic 
concrete variety, can only be considered economic and practical under 
very special circumstances. From the practical point of view the 
advantage is that mixing can be carried out in any type of mixer, even 
by hand: the disadvantages are that water is required and, because of the 
sloppiness of the mix, considerable segregation takes place. 

78. An emulsion pre-mix lakes rather longer to set up on the road than 
a cut-back aud great care must be exercised in the rolling otherwise 
stripping occurs. 

70. On the whole, it can be suggested that asphaltic concrete and Sheet 
asphalt types of construction should not be attempted with emulsions. 

80. So far ns the macadam types arc concerned, the question is rather 
different for there - is not the same difficulty in the technique. The extra 
cost is still there however and the same care to prevent stripping is 
required. 

81. Probably the fairest criticism that can be made of the practicability 
of emulsions for pre-mix purposes is the fact that the emulsion manufac- 
turers advocate methods such as the Armourcoat rather than a pre-mix. 

82. Armourcoat . — -Armourcoat is essentially a macadam type of con- 
struction but by the process it is possible to build up a rather more dense 
macadam than is usually laid by macadam pre-mix. In Armourcoat the 
largest stone is first spread and emulsion applied, the voids in the large 
stone are then filled as far as is possible by scattering intermediate stone 
over it and another application of emulsion given; smaller stone is then 
scattered over and sprayed with emulsion and so on. In other words, 
layer after layer of stone is spread, each of a smaller gauge than the 
previous until the final blinding is with sand or fine grit. 
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83. It will be seen, therefore, that a very dense mat can be built up‘. 
The method, however, is expensive as can be seen from Table 1, both from 
the point of view of the quantity of aggregate required and of the emulsion. 
It does have ihe advantage that no plant is required except Sprayers with 
which to apply the emulsion but, against this it is a slow process for there 
are so many applications of stone and emulsion and it is essential to allow 
the road to stand for at least 24 hours half way through the process before 
proper consolidation takes place. 

84. Apart from the above it can be said that the Armourcoat method 
does provide a macadam type of construction which will compare favour- 
ably, from the wearing point of view, with a macadam type of pre-mix. 

85. It has already been pointed out that care must be taken with all 
macadam types of construction to ensure that only the very best quality 
of stone is used. 

86. Tacit Coats or Primcis . — The necessity or otherwise of the use of 
a tack coat under 1 to carpets deserves some consideration here -for it 
is an important point both from the question of extra cost and improved 
wearing quality. 

87. The purpose of the Tack coat or priming coat is to ensure a bond 
between the base and the carpet but it is very doubtful whether the carpet 
itself does not itself provide the requisite bond without the ‘assistance of 
the tack coat. 

88. Experience in India has shown that a tack coat is generally unneces- 
sary for 1 to 1^" carpets either with cut-backs or with emulsions, whether 
laid on a waterbound base or an old treated surface provided it is roughen- 
ed somewhat. With emulsions the tack coat certainly is unnecessary because 
a fair amount of material drains into the base and forms its own tack. 
Even with cut-backs there is sufficient binder on the stones to provide the 
bond with the base. 

89. It is recommended that tack coats are not required except under 
one circumstance which will be mentioned, and that all that is neces- 
sary is to roughen the base. If the base is waterbound macadam, it 
should be well brushed but must not be loosened; if an old treated surface 
it should be roughened by picks, the best method being to make lines of 
small holes (three knocks with the pick is sufficient for each) running 
diagonally across the road, 12" apart and the holes spaced at 
12" intervals. 

90. The only circumstance where a Tack or Priming Coat is necessary 
is when the base consists of new waterbound macadam which has not 
consolidated well and is rather loose: the purpose of the tack in this case 
is not to ensure the bond but to hold and consolidate the macadam surface 
together. For this purpose the tack or primer should consist of a material, 
such as a 40/60 mixture of Fuel Oil and Asphalt, which will sink well into 
the base and bond it. 

91. One objection to a tack coat is that, unless it is applied very very 
thinly, there is a danger of it cutting into and enriching the carpet making 
it too fat in asphalt and so causing subsequent waving. 

92. Re-Sectioning. — A 1 inch to 1£" carpet will cope with most inequa- 
lities on a road for it can be laid from to 2'' in thickness but it should 
never be laid more nor lees than these limits. The reason for this is that 
if laid thinner there is a danger of one stone having to carry the full load 
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.or, if greater then stones will lie three or four deep and there nail be no 
‘interlock. Hence if there are any inequalities over 2" in depth, it is 
necessary to lay the carpet in two layers, the bottom layer to consist of 
coated stone only and containing no smaller fragments of stone. For 
•the bottom course it is quite sufficient to use only 2| to 3 lbs. of binder 
per cub. ft. instead of the usual S 1/Srd lbs. This base course should be 
spread and well rolled before the top course is spread. 

93. Another objection to laying too great a depth of the carpet is that 
consolidation will be uneven and where it is much thicker than in other 
places, a low spot will develop. 

94. Lateral Supports. — Lateral Supports should always be provided 
ior any carpet over f" in thickness otherwise, especially with the bullock 
.carts using the haunches of the road, the carpet will gradually he 
.pushed out. 

95. The best form of lateral support is a kerbing of boulders, brickB 
or cement concrete whichever will prove cheapest. Since a roller, when 

-consolidating the carpet, may damage the kerbs it i s nlways advisable 
to put the kerbing in after the carpet is consolidated; wooden baulks of 
'timber held by spikes can be used at the time of spreading and rolling. 
These are removed and the kerbing put in. 

90. An alternative to kerbing, though not nearly so satisfactory, is 
to excavate n trench 12" wide by 2" deep along the edges of the road 
and fill the mixture into the trench; this is known as “tucking in” 
-and is quite effective provided the macadam base extends beyond the 
edge of the carpet. 

97. Conclusions and recommendations. — The following is a summary 
-of the conclusions and recommendations that can be drawn from this 
.paper. 

Methods which should be discontinued. — 1. Two Coat Surface Dressing. 

2. Grouting and Penetration Methods. Both these methods require 
-an excessive quantity of binder which is both extravagant and detrimental. 


Types of construction for Indian conditions. 

.For Light Pncuniatic Tyred Traffic 1 

y Single Coat Surface Dressing 
Light Bulloch Carl Traffic J 

Medium Heavy Mixed Traffic. — 1 to 14” carpets. 

Heavy Bulloch Traffic. — 2 to 2£" carpets. 

Types of Carpets. — These should ho of pre-mixed construction or of 
.-a method such as Armourcoat which provides both density and a pre- 
-coating effect. 

•CaTpets are of three main types; — 

(1) Asphaltic Concrete — i.c. — A mixture of Stone and Sand. 

(2) Asphaltic Macadam — i.c. — A graded Stone Carpet. 

(3) Sheet Asphalt — i.c. — A carpet in which the Sand carries the 

wear of traffic. 
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These may be laid in thickness of from 1 to 2&" according to traffic- 
requirements. The thicker the carpet the larger should be the size of' 
the stone. The large stone should he not more nor less than 2/3rds of- 
the thickness of the consolidated carpet. 


Comparative Merits of the three types. 

1. Asphaltic Concrete provides the densest and strongest con- 

struction. 

2. Asphaltic Macadam is excellent but depends for success to a. 

very great extent on the metal. Unless the metal i 6 of 
the very best quality, it is wiser to use the Asphaltic' 
concrete type. 

3. Sheet Asphalt gives a close fine surface without requiring 

polishing by traffic. Sheet asphalt is not as strong as the- 
other types because the sand carries the wear and inherent 
stability is dependent on the binder and the internal friction 
of the sand particles and not on the interlocking of the- 
stone fragments. 

Sheet Asphalt, however, is of particular value in cases where 
the available stone is of poor quality and in such cases 
should be used in preference to the macadam type. 

Binders to he used . — -Either cut-backs or emulsions may be used for 
tnese carpets. 

Cut-hacks . — It is most advisable that the road should "set-up” quickly 
and allow traffic to use it 24 hours after laying. The solvent content 
should not, therefore, fall above 8 per cent. 

Plant for Cut-back Pre-mixes . — Despite its apparent high initial cost 
e£ Eis. 6,000 to Us. 6,500 it is essential that a pug-mill type of mixer 
should be used for such a plant alone allows any type of mix to be 
made, ensures a thin film and so saves in bitumen, permits the use of 
a low solvent content cut-back and so a quick-set road. Such a plant 
will justify it« purchase immediately. 

Emulsions . — The dipping process is not sound either in practice or 
theoretically for, although it is a means of pre-coating the aggregate, 
there is no. means of ensuring a uniform coating nor of preventing an 
excess of binder ; both these are the faults of the grouting or uenetration 
method. 

Special stable emulsions should be used for pre-mix work and it is 
possible, though rather difficult for the inexperienced, to malc e the 
asphaltic concrete types of construction. The use of emulsions for pre- 
mixing entails rather higher costs as more emulsion has to be used than 
cut-back. General usage is to advocate the Armourcoat type of construc- 
tion in preference to pre-mixing. The Armourcoat method comes within 
the macadam type of construction and necessitates th e employment of 
the best quality stone only. 

Tack Coats . — These are unnecessary for 1 to 21" carpets except where 
the base is loose. The base should always be roughened but not looseneu- 
m . the roughening operation. Where the base is loose, it should b“- 
pruned with an asphalt/fuel oil mixture to bind the base together 
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Lateral Supports . — These should always be provided, preferably in. 
the form of kerbing but if funds do not permit this then the edges of- 
fche carpet should be tacked in. 

98. Recommendations for road specifications . — Surface Dressing is- 
suitable only for light trafficked roads and there is nothing further to add 
on the subject for it is a method with which most people are Aery well 
acquainted. 

99. The Specification which will be of the greatest utility in India is 
undoubtedly the 1 to 11" carpet made of pre-coated aggregate for it 
allows sufficient variation in thickness to cope with most inequalities and 
yet, even in those places where there is a greater or less thickness of mat 
there is a uniform coating of binder which cannot be obtained by any 
method where the binder is applied after the aggregate is in position 
on the road. 

100. The asphaltic concrete type using two parts of stone to one of 
sand is the most satisfactory and strongest. The macadam type should 
only be used where the stone is of the very best quality and, then, it is- 
preferable to give it a liquid seal rather than a mixed chipping seal. The" 
Sheet Asphalt type of construction is of particular value where the 
quality of the stone is very poor for tho sand, not the stone, carries the 
traffic. 

101. Let us hope that in a few years time from now every Road 
Authority in India will own its own proper mixing plants — just as they 
do steam rollers — and that the laying of pre-mixed carpets wiil become 
a matter of routine rather than a rather bold experiment as it i s treated' 
to-day. That pre-mixed carpets are the solution of India’s road problem 
is unquestionable and, therefore, the sooner moi*e extensive works arm 
Corried out with them in every part of India the better. 
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Mr. G. G. C. Adami {.the Author ) : Mr. Chairman and gentlemen : I do 
.not think that I have very much further to add to this paper. It is such 
an enormous subject that it has already been sufficiently difficult to confinS 
it ■within reasonable limits. I have been asked by one or two delegates 
exactly what I mean by two coat surface dressing. This is where the 
second coat is applied immediately after the first. I have omitted to' 
refer to kankar or laterite roads as bases for asphalt carpets. It has been 
found that these make excellent bases for such carpets and any of the 
types of construction referred to in my paper may safely be laid on them. 
The only precaution that requires to be taken is that a priming or tack 
. coat should be applied before laying the mat. The best type of material 
for this purpose has proved, in my opinion, to be a 50/50 Fuel oil' asphalt 
mix ture applied at one-quarter gallon per square yard (30 lbs. per sq. ft.)* 
■ for this penetrates better into kanker or laterite than into other materials. 


DISCUSSION ON PAPERS NOS. 2, 5(a), 5(b) AND 6. 

Chairman: Gentlemen, I hope that- many people will come forward 
and criticise these papers. But before they do so, there is one thing which 
I would like to say. I think the four papers which we have now under 
discussion definitely emphasise, the necessity for us to get down to some 
standard form of measurements. I see, for instance, one paper refers tc. 
gallons per square yard and annas per square foot. Another paper deals 
with tons per mile and rupees per 300 sq. feet; and so on. I think you 
will all agree that it is most confusing. There is one thing that I do hope 
"will emanate from this Congress and that is that we will get all Govern- 
ments to agree, before we next meet, that whatever papers arc- written 
will all conform to some standard form of nomenclature. Of course, this 
■point has been mentioned on a previous occasion and I am all for abolishing 
the gallons and square yards and dealing only in pounds and square feet. 

Mr. K. G. Mitchell : Supplementing what fell just now from 
Mr. Macfarlane, I would like to suggest that we should do away with the 
gallon and take to pounds and hundredweights. You buy most of these 
materials by weight and you deal with them in hundred sq. ft and it 
must be an unnecessary complication to have to convert gallons for the 
purpose of estimating into pounds and tons. I think personally that 
-pounds or hundredweights— preferably pounds— are preferable to gallons. 

Mr. B. F. Taylor: There is one point on which Mr. Adami will, I hope, 

• be able to help us in Assam and that is the strange antagonism that certain 
-types of metal seem to have for bitumen. In Assam where we have rain- 
for 9 months and dry weather for only three, hot applications are extremely 
difficult as it is very rare that we can get a road sufficiently dry to ‘five 
•them a fair chance. We have therefore been driven to cold emulsions 
•which looked quite hopeful until recently but I regret to say that in manv 
parts of the province they are breaking down deplorably. In the course 
•of our investigation to find out the reason it seems to boil down to this: 
that to certain types of our metal bitumen will not stick. Some is of the 
quartz groups and some of a kind I cannot classify geologically but it has 
a weathered or fungus grown surface which has been found to be utterly 
-useless for bitumen. We have tried to get some explanation and we hare 
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been investigating this point but we have not yet got any satisfactory- 
answer at all. _ It is quite impossible for us to" select our metal. Our 
transport cost is enormous and we have got to use what is nearest" or on 
the spot. Perhaps this point has already been investigated by Mr. Adami 
and others and if they will tell us if there is any wav of overcoming it or 
what the reason of it is, we should be extremely' grateful to them. 

Mr. 0. H. Teulon : Mi-. Chairman and gentlemen, I 'should like first 
of all to apologise to Mr. Stubbs for having misunderstood the specification 
for water premix tar. I am sorry I made the mistake, but we have not 
tried it in Burma at all and I made the mistake through ignorance. In 
paragraph 7 of Mr. Hunter’s paper (Paper So. 2) file question of the life of 
the surface of the road itself is mentioned. Now when we are considering 
this matter of road loans, it seems to me essential that we should if possible 
determine what the lives of these various surfaces are in respect to the 
traffic they carry. For financial reasons the P. W. D. Code divides residen- 
tial buildings into certain classes and if we could divide roads surfaces up 
into similar classes, it would help very considerably in determining the fin- 
ancial effects of any loan. I should he very glad if Mr. Hunter could give us 
further information on this matter from his experience. The suggestion 
I should like lo make is that we might assume that certain surfaces, pro- 
vided they are properly laid and properly maintained, will carry certain 
intensities of traffic indefinitely and when the intensity of the traffic in- 
creases, it becomes necessary to resort to reconstruction. If this assump- 
tion can be accepted, it will help very much in submitting proposals for 
accepting loans as we will be able to fix arbitrarily the life of any surface. 

Mr. G. A. M. Brown : Mr. Chairman and Gentlemen, there are two 
points in Mr. Adami’s valuable paper (Paper No. 6) to which I wish to 
refer. The first is in connection with his remarks regarding the function of 
the stone, paras. 4 to 7. 

I think we are perhaps inclined to forget that it is the stone which 
carries the traffic and that when we discuss the failure of surface dressings 
we are apt to blame the dressing when very often we should blame the- 
stone base. 

The reason why the surface painted N.-W. Frontier roads stand up 
to heavy bullock cart traffic, is, I think, largely due to the excellert 
quality of their stone and to the manner in which it is consolidated. 

We have found from experience that. a single road roller cannot 

consolidate, properly, more than 600 eft. to 800 eft. of metal per day 

when the minimum amount- of stone dust and clay binder is used. 

If more than the minimum amount of clnv in the hinder is used, in 
the water bound work, it is possible considerably to increase the daily 
rate of consolidation. The daily rate of consolidation is therefore to some 
extent an index of the. quality of the consolidation. 

With regard to Mr. Adami’s remarks on the scope of single coat surface 
dressing, para. 36 of his paper, most of the roads in the Frontier to the 
south of the Kohnt Pass, are surfaced with Colas and seldom require- 
repainting more than once in three years. The traffic on these roads- 
consists largely of lorries with only a small percentage of bullock carts. 
The same surface treatment was found to be unsuccessful north of the- 
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3£ 0 hafc Pass where there is a large percentage of hem y bullock cart traffic. 
On these northern roads surface dressing with tnr lias been found to with, 
stand an intensity of mixed traffic of 200 tons per yard width per day. 
'These roads require repainting with tar every two to three years. 

In some sections an intensity of 350 tons per yard width per day lias 
been carried without failure. 

The Attock-Pesliawar road over which the Congress toured is an 
example of a tar painted road which carries heavy bullock cart traffic. 
The bullock carts on this road are of the two wheeled type with a 3 inch 
width iron tyre. The tyre is usually convex outwards and I imagine 
that the actual width in contact with the road is not more than an inch. 
A heavily laden Peshawar bullock cart, weighs ns much ns 21 tons. By 
comparison, the bullock carts in Delhi are of the four wheeled type and 
as we saw at the weighing machine the other day, a laden cart weighs 
only one ton. 


Mr. Dean told us that surface painted roads in Delhi would not with- 
-stand an intensity of traffic of more than 200 ton* per yard width per day 
and that if there was much bullock cart traffic this figure .should be 
divided' by four. 

It seems clear from this that we cannot lay down any general limit 
’for the intensity of traffic that surface painted roads will carry. It varies 
•too much in different Provinees. 


Our experience on the Frontier, however, shows that under similar 
■climatic conditions and given good stone and first cln«s water bound 
consolidation, surface painting with tar can withstand successfully loads 
•which in other provinces require pre-mix carpets. 

The reason why tar surfacing on our northern roads has proved more 
successful than surfacing with a cold bitumen emulsion is that- the initial 
coat of tar penetrates better. 

If the water bound consolidation is done properly anfi an excess of 
■clay binder has not been used, the initinl coat of tor will penetrate at 
least half an inch. If failure occurs, the extent of the penetration often 
■indicates the reason for the failure. For example, if flip tnr has riot 
penetrated by more than * inch the fault is either excess of clay in the 
•water bound hinder or overheating of the tnr. The latter fault -’an ho 
•detected at once by inspection. 

If the tar has penetrated by more than $ inch the reason for failure 
•5s faulty consolidation. 


The second point in Mr. Adami’s paper to which I wish to refer is 
in connection with para. 52 of his paper. The latter part of this para, 
is more or less the policy we follow in the Frontier where our funds are 
strictly limited. 


Old water bound roads are remade and surface dressed with two coats 
of tar, tar being used because of its excellent penetrative property 
If the road wears out before two years, it indicates that the penetra- 
•tion is insufficient to prevent the interlocked metal below from bein'? 
disintegrated. * 


The road is then surfaced with a carpet of such a thiclmes, 

. et. 

•tion by the same amount as its thickness 


prevent this disintegration. The carpet, in effect,' " ffierenscsThTpeneffi ” 
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TJais is probably the cheapest way in which we can develop our roads, 
aiamely, first to treat the remade water bound surface with a dressing 
•having a reasonably good penetration and to follow that up with a carpet 
.as and when the latter is found to be necessary. 

As Mr. Adami says in his paper, when the initial .surface dressing has 
worn out it will afford an excellent base for the carpet. 

Mr. G. Raid Shaw : Mr. Chairman and gentlemen, I should like first 
do congratulate the Chairman on his sense of humour to having both Mr. 
Adami ’s and Air. Stubbs’ papers criticised at the same time. Mr. Stubbs 
will tell you that tar surfacing is the best thing in the world while Mr. 
Adami will say that all surfacing is nonsense. In many of these papers 
-surface painting work has been criticised and there is talk of losing the 
•salvage value of the old road, T do not think any Engineer would start 
this kind of work haphazardly and say that he i.s going to pick up tlm 
•or that road so as to surface paint it. He has got- a programme of work 
ahead of him and painting follows as a natural sequence to metal re- 
surfacing, and there is therefore no loss of salvage value of the old road 
surface when surfacing is undertaken. The operations follow as a natural 
■sequence in the ordinary course of annual maintenance. 

There is just one point in which I do not agree with Mr. Stubbs. He 
•has had far more experience in the matter than 1 have and it is possible 
•that he is right and I am wrong. That is the amount of tar that he 
uses in his first coat. T think the first coat of surface painting needs 
to b e a richer. coat, considerably richer, than what lie uses so as to get 
penetration. Certainly in a wet climate like our s (in Assam), the first 
coal penetration is of enormous importance. Many writers have discussed 
flow the bullock cart traffic ruins surface painted roads. We all agree 
■with them that in the case of very heavy bullock cart traffic no 
surface painting' will stand. This is particularly m» in places where the 
bullock carts are stopping and starting like railway station approaches. 
Straight bullock cart traffic along the road does not do so much harm 
as when the bullock carts keep 'starting and stopping and moving about 
at the same place. That is what happens near villages. In certain parts 
of Assam we find stones which have a natural aversion to binding with 
bi turn on. One is a whinstone and it is probably one of I he best stones 
we have got in the whole of Assam, but in the quarry from which it 
comes there is a weathered looking formation which i.s not confined only 
to the exposed surface of the stone. It comes in large veins in the 
quarry and nearly every bit of the stone that comes out has got one 
•side with this brown weather looking surface on which’ bitumen will not 
stay for n second, in fact it runs off as fast ns it goes on. If Mr. Adami 
could give any explanation of* could devise any method by which we can 
overcome this, we will be delighted. 

Another point on which Mr. Adami condemns surface painting is that 
the amount of bitumen is excessive for the -amount of chipping used. 
I do not think that the whole idea of surface painting a road is the 
amount of chippmgs which you enn stick on to bitumen. The first idea 
of bitumen or tar surfacing is to get a weather proof road- After that 
the greater the amount of chips that can, he fixed down as a wearing coat 
*the better. 
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Mr D Daniel: Mr. Chairman arid gentlemen, I think paper No. l(A r 
should have been brought up to-day for discussion along with these papers. 
Anyhow that paper has been separately discussed, but I wish t 0 point: 
out that some of my remarks would equally apply to that paper also. 

As regards paper No. 2 and papers Nos. 5(a) and (5) these thiee papers 
may be broadly divided into two classes, the on e attempts to arrive at 
the economic aspects of the various wearing surfaces and the other- 
attempts to describe how tar can be used to reduce the maintenance cost. 
On papers like these, I should have thought that discussions on the- 
broader issues involved would be more profitable than dwelling on the 
details of a number of specifications. At the outset I should therefore 
remark that tar and tar compounds wherever used have been gradually- 
given up in favour of the more suitable asphalt which all of you are aware 
of. Painting the surface annually for miles and miles together is a very 
tedious task and this also finally works out into a very bnd mat and 
inconveniences traffic as was pointed out by Mr. Dean yesterday. This 
finally helps to distort the metal below under very heavy country cart- 
traffic. This is our experience in the Madras roads. 

After reading papers 5(a) and (i») one is left with the impression that, 
in the Punjab out of sheer necessity tar is being used to minimise the 
maintenance bills owing to its cheapness in the initial cost. That pro- 
vince seems to be undergoing the same phase which the several corpora- 
tions in the early days were undergoing. They have all now gone for 
more durable materials for their heavily trafficked roads. Mr. Coats, the- 
late Engineer to Madras and Calcutta Corporations, who hnd large experi- 
ence in the use of tars had written to me in 3929 that "with the intro- 
duction of bitumen compounds tar should not be used unless it can be 
got so cheaply as to justify its use." This seems to be the reasonable* 
attitude that one can take up regarding the use of tar. Except its initial 
cost, tar has no special qualities in its favour. (Laughter.! In paper - 
No. 5(b) failures of tar in the past are attributed (o improperly de- 
hydrated tar or want of a filler and an example of success with tar quoted 
is the Mall at Lahore laid in 1916. But tar used then could not be the- 
modern tar. Its success should, therefore, be due to something else which 
requires further investigation. Further, because the macadam below lias 
not been reformed from *19 16 cannot be a criterion of it P success. What 
kind of serviceability the surface has rendered to the public should be- 
looked into. I mean whether the surface was wavy or undulating and 
consequently inconveniencing the public. Or at least what kind of' 
maintenance it has udergone and other traffic factors have to he examined. 
Since writing these notes, thanks to Mr. Mitchell's forethought and genius 
for organisation, I had the opportunity, a* all of you had. to see the Mall 
and all the other tarred roads we were shown. Thp surface of the Mall 
is very good. I see it is due chiefly to the pohibirion of country cart 
traffic. Also in the main roads bajri is used for blindage. These ‘are* 
verv hard wnterworn crystalline nodules more or less Hke iron pieces. 
This forms a very good mat and nil over the Punjab thev seem to get- 
such kind of material. The rainfall also is very light and does not wash 
away the light oils or free carbon. The country carts have not also iron 
tyres for the, most part. The best granite metal in the Madras Presidency 
when tested is found to have a French Co-efficient of wear of 17 and 5 
ra the dry and wet test respectively, while the metal in Jhandawaln quarry 
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in Delhi is reported to have twice its strength. 1 am therefore very sceptic 
• about the permanent’ advantages of using tar in Madras where there are 
several factors contributing towards failure. 1 am glad to see -Divan 
Bahadur Ayyangar of Mysore has been converted to some extent yesterday 
and I shall wait for the results of his experiments. Mr. Trevor Jones’ 
conclusions in paragraph 24 of his paper give us an insight into the future 
'requirements of the Punjab roads. He feels that more permanent con- 
■ struction will be necessary and ends with the statement that the con- 
struction of the concrete roads appears to be the solution, with the 
■latter of which I do not quite agree. 

If the papers 5(d) and ( b ) are interesting in the methods adopted to 
. solve the immediate maintenance troubles which is common to many 
provinces, paper No. 2 is very instructive in the way in which the economic 
aspects of the various wearing surfaces are worked out. This paper is 
very important from the point of view of the Government of India and 
the Provincial Governments, which are on the eve of embarking on a 
comprehensive plan of road development from loan funds as a result of 
the repeated and able representation by Messrs. Miller and Ormerod and 
the energetic Secretary Lieutenant-Colonel Smith of the Indian Iloads and 
Transport Development Association. Selection of bridges and new roads 
to be constructed from loan funds offer no difficulty, but it is the selection 
of the type of modern wearing surfaces suited to any one road that 
is going to be one of the difficult tasks of those in charge of roads. 
The percentage of such roads requiring modem surfaces may be small 
in each province and yet the type has to be settled on a rational basis 
before any loan is given. Paper No. (2) lias outlined some methods 
adopted by the Chief Engineer of the United Provinces and should prove 
very useful -in a general manner. . But, unfortunately, there seem s to 
be no reliable and acqurate data readily available in other provinces. If 
the results of the various experiments are to be useful in such a vast 
country like India, information regarding the height above mean sea level, 
the total rainfall, maximum and minimum temperatures, nature of sub- 
soil, the thickness and nature of the hard crust available as foundation, 
the volume, character and distribution of traffic, in other words, the- 
number of vehicles, the proportion of traffic to steel tyred ones, and 
whether the latter is distributed all over or only in tracks; and lastly, 
the width of the road, which give,s the intensity of traffic for which the 
• cross 'section is designed have all to be given for each anj every experi- 
ment. Also to state that bitumen was a failure and so on, using a 
generic term gives only a vague idea about these experiments. Bitumen 
according to the 1929 definition of the British Standard Engineering 
Association includes all kinds of asphalts with penetration from 5 to 300 
and tar with specific viscosity from 8 to 100. So are we to understand 
that all bitumen ' in the market is a failure ? We have therefore to be 
specific in our description of the materials used. This will be of use 
to both parties who deal in and use the various materials. In fact 
, some firms reallv want to know the defects in their materials with a 
.view to rectify them or suggest improvements in their specifications or 
point out the mistakes, if any, in application. If we are not going to 
be open-minded in this respect. I should think that the usefulness of 
.our experiments will be lost. When asphalt is said not to adhere to 
the stones in the Punjab, one wonders whv the experience there differs 
from that in other parts. Probably, the qualities of stone, if it had been 

/ 
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tested, and the climatic conditions would have explained this different 
experience. If the aggregate is soft limestone, dust is likely to be 
formed under traffic between the asphalt paint and the stones, whereas 
tar has got better affinity to lime stones. However, things like these 
have to be guessed. Also the qualities of the metal used should be 
tested for compression for attrition and for abrasion and should be 
recorded. I understand that these three papers were originally intended 
for the International Hoad Congress and hence, I believe, som e such 
details have been omitted. I only wish to stress the necessity for the 
introduction of a standard form for recording the details of the. 
various experiments to be done in future which will help Us in tho 
selection of suitable wearing surfaces, embodying all this information 
for each and every experiment just as the Concrete Association have done 
it for their pavements all over India. 

After reading all the papers one cannot understand what we are 
actually aiming at. There is a medley of specifications, some even of 
unscientific nature ns pointed out yesterday by one gentleman, such as 
mixing tar with mud, etc. We hove to divtde our experiments in future 
broadly into two, vis., one for capital works and another for devising 
cheap ways of maintenance of roads. Experiments for capital works 
should be confined to standard works, such as concrete, sheet asphalt, 
asphaltic concrete, asphalt pnaendam and pninting. Materials to be 
used should be fairly standard ones and if possible should be subject 
to laboratory tests. They have to be laid on important typical provincial 
roads with a special staff and watched. 

It will also be better to record their annual maintenance costs in 
terms of unit of road unit of traffic; in other words tho annual cost per 
mile of foot width per ton of traffic per foot width. The United Pro- 
inces seems to be doing this already. This will also help us a good deal 
in working out the economic aspect of tho various wearing surfaces in 
a more rational manner than we are able to do at present. I am sure 
the genius of Mr. Mitchell whose tim© and energy were taken up till 
now by the Government of India for other urgent purposes will, before 
long, tackle this problem also. 

As I hav© observed already, I have dwelt only on the broader aspects, 
involved in the subject matter of the, three papers, which are more 
important and I shall leave tho details alone. By this I do not belittle 
the information given in the papers concerned. Everyone knows what 
it is merely to execute and what it is to write papers. Nothing but 
praise is due to the authors of all these papers and l>articulnr]y to 
Messrs. Dean and Hunter, who have taken immense pains to describe 
in detail all the works they have done. I also request that Mr. Dean 
gives his special attention to the works on the roads carrying heaw 
country cart traffic and gives us the result of his experiments' which will 
be of immense use to Engineers who have to deal with provincial roads with 
heavy mixed traffic. 

As regards paper No: 6, Mr. Adami’s paper is a faithful and a true 
record of the results of the works done by Messrs. Burma}] Shell Com- 
pany. It is a very valuable paper and there is not even the slightest 
taint of the firm’s interests. • I really congratulate the author of the 
paper and Messrs. The Burmnh- Shell Company On its excellence. The. 
Engineer’s chief trouble, as Diwan Bahadur Avvangar pointed out 
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.^yesterday, is to find out the best pavement that will serve the dual 
jmrpose roads. Mr. Adami’s pajjer has eliminated practically all asphalt 
jpavements for heavy bullock traffic except Shelerete. We have done it 
in the Madras Presidency in some places and so tar they are successful. 
There are one or two pavements standing for the last about six months 
without the slightest rut. Still it m:s to be tested a little longer and 
then conclusions have to be arrived at. (Applause.) 

Colonel G. E. Sopwith : Mr. Chairman and gentlemen, suffering as 
I am from shell shock from the recent bombardment, I only propose to 
say one thing. Mr. Daniel said that he felt that the Mall at Lahore 
.required some more investigation as it was impossible that the tar used 
there could be the same as used to-day. The company to which I belong 
• distilled modern tars in those days. The stills were first started in 1915 
and the Mall at Lahore was treated with the same Shalimar tar as the 
sroads in the Punjab are treated with to-day. (Applause.) 

Mr. R. TT 7 . Parkhurst: Mr. Chairman and gentlemen, I should like to 
express my personal pleasure at haring had the opportunity of reading 
ithese papers and I think the authors are to be very heartily congratulated 
-on the wealth of material they have furnished and the manner in which 
- they have set it forth. As was mentioned a few moments ago — it is a 
-nr er y g 0 od idea to group these pnper s together for discussion for this 
reason, that they emphasise a very interesting point in connection with 
road development — that is the underlying principle of stage construction. 
'J think that. the light roads that we have lind the opportunity of seeing 
in the Punjab will no doubt later on be surfaced with heavy material 
when and as traffic requires it. We have seen other roads in the vicinity 
of Delhi which are in practice of greater thickness and are possibly fitted 
to carry heavier traffic. The point that I make is that if the roads are 
"built with this idea of 'stage construction in mind they may be used ns 
foundations for successively higher types of surface as traffic requii-es 
them. With regard io Air. Hunter’s paper, I may .say that to my 
mind his method of analysing the cost and comparing the different types 
-of surfaces are perfectly logical, buf ns the author implies, a reservation 
must be made in applying these principles. Variations in traffic may 
bring about certain modification and ns a matter of fact might entirely 
upset the calculations. Speaking further with regard to pappr No. 2, 
-as to the earlier work with "bitumen, I should like to ask the author 
whether detailed specification? are available. If so, it is possibly to be 
•regretted that these could not have been included in the paper to afford 
a comparison with specifications for more recent work which are given 
in detail. Apparently, there was a great deal of difficulty with this 
earlier work and in connection with the reported unsatisfactory results 
of some of these projects in the United Provinces, two observations, 
it nppears to me, may 'be made — 

(1) The quantitv of bitumen has a very direct relationship to the 

success of anv bituminous work. 

(2) Satisfactory results are .secured only when proper selection of 

tvpe is made and the specifications are accurately followed. 

Concerning the first point the statement is made that the road 
^surfaces, whether asphaltic concrete, grout or senlcoat, became soft 
•under ‘heat. It is well known that any bituminous materia] irrespective 

T, 2 
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of origin and whether tar, residual or natural bitumen, softens under* 
heat, the degree of softening depending upon the quantity .used, . the 
consistency, whether loaded with fine mineral matter or not, etc. If too- 
much bitumen were employed in the cases referred to, it would indeed be 
surprising if the surfaces did not soften and move under concentrated traffic 
in hot weather. It is suggested that a reduction in the quantity of bitumen 
used in this .earlier work, which however, was constructed according to the- 
best knowledge and experience then available, would have produced more 
satisfactory results. 

The author implies that the difference in results achieved with natural 
and residual bitumens is due to some differences in .their composition. 
This is hardly the occasion and in any cose time does not permit detailed 
comment along this line, but whatever these differences may be, I think it ■ 
will be fairly obvious that method of employment of any material will be- 
at least or as much importance as its nature. 

With regard to the second iactor, the author stutes that grouted work 
becomes rutted under bullock cart traffic. Although I speak with some 
diffidence on this point, I am under th e impression tliat a complete 
solution of the problem of how best to carry the bullock cart has not. 
yet been found after some 15 years’ experience with bituminous roads hi 
India although as the recent tour has revealed, much progress has been- 
made. Asphaltic mixtures capable of withstanding such traffic when la ; d 
over proper foundations have been produced, but at a cost prohibitive in 
so far as provincial roads are concerned at present. Satisfactory grouted, 
roads have also been produced, examples of which, amongst others, were 
included in our inspection tour on Monday. Mention is made of this to- 
indicate that until the limitations of the various type, s of bituminous 
wearing surfaces are more clearly defined, it would be well to select types- , 
whose performance lias been thoroughly tested. The experimental w’ork, 
report on much of which is being made at this Congress, will go far 
-to establishing what these limitations actually are. 

With regard to paper No. 6, Mr Adami seems to consider that grouted- 
macadam is not altogether suited to conditions here. I may say that 
India to my mind is a very large country where conditions vary very- 
much. You have different climatic conditions in the North than in the 
South; Assam is not the same as Bombay, and it is very difficult, to - 
state that any particular type of work may not be satisfactory under 
certain conditions. It seems to me that although grouted macadam is 
not altogether a scientific process, still if it is carefully followed it gives 
good results. I think the engineer really is the person who must select 
from all the various types of construction at his disposal the particular - 
kind of surface which is suited to the conditions under which he lias 
to work. I think that is all I have to say. I appreciate very much 
being given this opportunity of speaking. (Applause.) 

Mr. Ah V. Modah : Some fundamental changes in the mode of con- 
struction of district roads have been recommended for consideration. 
These changes mark a distinct departure from the current practice, and ' 
require to be carefully examined before their adoption. 

The main idea is to provide uniform and only necessary coating of 
the binder to the aggregate, before consolidating it on the road surface. 
This is proposed to be done bv the introduction of niibacl ; asphalt and” 
cold nremix bv portable plant. Further, it is proposed to adopt (1) - 
asphaltic concrete using large proportion of bitr size metal, (2) shell- - 
macadam with seal coat, (3) stone-filled sand sheet asphalt..’ 
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Cutback asphalt is specially prepared by the addition of a certain, 
•-small proportion of light gasoline or kerosene to ordinary straight run 
■asphalt, in order to bring it to a suitable form to coat cold aggregate 
•with hot asphalt. Addition of solvent only reduces the softening p nnt 
from ■ 625° to about 200°F., and makes it more fluid. Uniform and thin 
coating can be better secured if there be as little a difference in tempera-’ 
ture ns- possible between the stone and the binder. Cutback asphalt 
reduces this difference, but still leaves a considerable margin. No doubt, 
increased fluidity also helps, but it is doubtful how far the coating is 
uniform. Further, with the increased surfaces to be coated in case of 
-fine aggregate, the difficulty increases, and after the evaporation of the 
tvolntile portion the binder film is left weaker. 

Cold-mix plant simply pfeinixes the aggregate and the binder in volume 
•proportions, whereas in the liot-mix, there is a correct weighing and 
proportioning of the constituents. All sizes of plants, including semi- 
portable ones are available for hot premix work, and if the quantity of 
work in certain radius is sufficient, the larger initial cost of the equipment 
;may be justified. Somewhat higher working cost would be more than 
• counterbalanced by the quality of work done. Finest aggregate or the 
‘filler can be used to fill in the voids in order to make the surface dense 
-and stable. This would help to increase the life of the surface, and 
:.reduce thereby the maintenance charges. It may be mentioned that life 
.of these types of roads, even with intense city traffic, has been found 
:to be 12 to 15 years with practically no maintenance for th e first five 
.years, and about As. ,2 per sq. yd. per annum thereafter. 

As regards the types of construction, the asphaltic concrete using 
‘large propoi*tion of big size metal, and sand with bitumen just sufficient 
to fill in the voids was tried with hot-mix method in Bombay sometime 
: back. For a 3 inches enrpet, metal used was li inches to 1 inch in size 
and the percentages of metal and sand were 5S-2 and 31-1 respectively by 
•weight. Bitumen added was C'O per cent. A thin hot plant-mixed seal 
■coat was also provided wherever necessary. But the surface did not come 
up to expectations, and the potholes began to appear in about 2 years’ 
time, and a wearing carpet had to be laid on it. 

Probable reasons for failure seem to be segregation and voids in the 
-surface. On account of the segregation, it is possible the spaces 
between the stones were not uniformly filled in by sand It therefore 
-seems doubtful, if the theoretical assumption of filling in all the voids 
in the stones by sand adhering to stone is fulfilled. While mixing, on 
•account of the abrasive action of the different particles of the aggregate, 
•sand is not likely to stick to stone to such an extent as to fill in the 
voids. Further the void,s in the sand amount to usually 30 to 35 per cent, 
■and the space occupied by bitumen coaling the sand would be about 35 
per cent., leaving about 15 to 20 per cent, voids. This type of surface 
would therefore necessarily require occasional sealing. 

With graded stone, and a larger proportion of finer aggregate, about 
twice the amount of stone, with sufficient quantity of filler to fill in 
the voids in sand, and a properly designed concrete mixture, there are 
■fewer chances of segregation, and it has given satisfactory results, when 
laid under ordinary conditions of traffic, etc. No doubt tin's type of 
mixture has also failed, but it is under quite different circumstances, when 
laid on the slope of the approaches of a bridge under very heavy bullock 
.cart and motor lorry traffic. 
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Trial stretches of premix Shelmacadam with premix seal coat by- 
cold mix method hare been laid in continuation of semi-grouting work 
for the same road, under the same conditions of traffic for the purposes of? 
comparison. Cost of premix work was higher than that of the semi-grouting; 
Surfaces were examined after about a year and a half. Semi-grouted surface • 
appeared rich and in perfect condition. Shelmacadam surface appeared' 
dry, as if there was no binder, and the seal coat had worn out in some 
places, and required renewal if the surface is to be saved. It appears on- 
account of richness of asphalt in the top surface of the semi-grouted' 
road, it formed an effective water-tight seal by admixture with grit and' 
dust spread on it in the final coat. Eiehness of asphalt thus serves an 
important purpose in this case. No doubt the extra asphalt in the lower- 
portion serves the purpose of partly filling in the voids, -and does no 
useful service. 

in sund sheet asphalt, as already stated, considerable amount of voids, 
m sand remain unfilled. Unless these are filled up Dy filler, or tne 
surface sealed with liquid seal, dt is bound to wear earlier. Jb filer required. 
lor this type of mixture per 100 square teet will be only about a cubic foot. 
This combined with a properly graded sand and proportionately a bit. 
larger amount of asphalt will give a considerably better and permanent, 
surface. Cost would no doubt he somewhat higher but the additional, 
life and reduction in maintenance charges would more than repay it. 

Two coat surface dressing holds its own, where new water bound, 
surface is to be treated, and there is intense automobile traffic mixed with- 
light bullock cart traffic. d- inch carpet formed by two coat method 
serves as an effective cushion and makes up for slight irregularities in 
the surface. For city streets there is a further advantage. Second coat* 
is usually covered over by a mixture of £ inch grit and dust and seals up 
the whole surface forming smooth surface, very suitable for cleaning. 
(Applause.) 

Mr. it. G. Burt : Mr. Chairman and gentlemen, the remarks I bave- 
to offer apply not only to the four papers that are under consideration 
now but also to a previous paper. In all these papers the material has 
been almost invariably described under its trade name which tend,s to- 
confuse the issue. It is going to be difficult enough to correlate the 
results of the .experiments carried out in various parts of the country, 
under varying conditions and also under various specifications for laying, 
the road without this further complication of not knowing the exact 
nature of the material used. I think that this is a position from which, 
we should get away as soon as possible and would suggest that one of 
the tasks which lie in front of this Congress is the classification and the 
evolving of specifications for the actual material used. The firms which, 
produce and s ill road materials might consider that this is not in their 
interest, but it has proved to be not so in the case of other industries. 
The classification and standardisation and the production of material to* 
specifications is ultimately in the interests of both the producer and the 
user. I would also like to suggest that any further experiments which' 
are undertaken in the future should very largely concentrate on the us ing; 
of material which is indigenous or manufactured in this country, rather* 
than on material which may b e imported. Tins, I think, you will. a^ree;. 
is also in the interests of the country.. ' ° 
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Chairman: Gentlemen, I am quite sure we are all very grateful to 
the various speakers who have given us this interesting discussion and 
I have very little to add myself. I noticed that during the very interest- 
ing and somewhat destructive speech of Mr. Daniel, Colonel Sopwith 
was pawing the ground .with impatient hoof and I am quite sure that 
when lie made his reply he was surprised by his own moderation. But 
speaking as a ; representative of a province that perhaps uses tar painting 
more than any other province in India, there is’ one thing I would like' 
to say. [Reference was made to the inconvenience caused by repeated 
resurfacing. I would like to say that repainting is a thing which causes 
practically no inconvenience at all. We do not close the road at night; 
we simply do the work in short stretches, and at the end of the day’s 
work after the road has been provided with grit and well rolled, it is 
immediately opened to traffic. In -the case of the Mall in Lahore, we 
simply put a row of tar barrels down in the centre and divert the traffic 
to one side while we tar paint the other. The whole Mall was done in 
September just beforf the Local Government moved down from Simla 
and the. inconvenience caused was almost negligible. 

I do not think I have anything more to add and I will now call 
upon Mr. Hunter to reply to the criticisms on his paper. 

Mr. C. F. Hunter (the author of Paper No. 2). I do not think I have 
very much to reply to but I was asked one or two questions. One was 
whether I could give any idea as to the traffic up to which the road surfaces* 
would stand. I am afraid I could hardly do that. But I have discovered one 
thing. Going through our records of all our miles I have found that miles 
carrying over 80 to 100 tons of bullock cart traffic per foot with per 24 hours 
give trouble in maintenance. Mr. Adami in Ms paper has stated that 
if a painted mile would not last for two years you should use .something 
better. So I again went through the records of the miles which lasted 
-two years and I find that they practically agree with my own conclu- 
sions, i.e., that they carry about 100 tons of bullock cart traffic per foot 
width. So that as far as l ean see, it is not safe to rely upon bitumen 
painted surfaces, at any rate, such as we have in the United Provinces, 
to stand more than that without showing certain signs of distress and 
giving a certain amount of trouble in upkeep. I was also asked if I could 
give a little more information on the economics of the various treatments. 
I am afraid I cannot give you that here. That work was done quite a 
long time ago, and incidentally of course the would-be lives of stone 
miles are decreasing very rapidly. Those figures/ we got out about 
three or four years ago. Motor traffic has increased very much since 
then and the probability is that these economic lives will become shorter. 

I was also asked if I could give some information as to the quantity 
of bitumen used in the pre-mis and grouted work. I can supply that 
but I have not got it here. Pre-mix, i.e., hot pre-mix not such as we 
saw the other day, was done by a large firm of contractors and it was 
done to their specification. I think they would be the first to admit 
that they did use an excess of bitumen in the mixture. As regards 
own work, i.e., grouted work, that is done departmentally. There again 
I think we can agree that we used too much bitumen. It is rather diffi- 
cult to control or to make a good grouted rood with very much less than 
we used and I think it is one of Mr. Adami’s contentions that it is rather 
a wasteful process. With that I agree. I think those are all the points 
1 raised. 
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Mr. S. G. SUibbs [the Author of Paper No. -5 (a)] : Mr. Eeid Shaw- 
raised the point as to why a richer mixture, a richer application of tar, 
has not been applied to roads in the Punjab. The answer is that we hare 
2,800 miles of road to cover and if we put down heavier applications we 
would never be able to complete our tarring programme. I quite agree that 
if you put down a richer application you get a longer life. But we hud 
that by putting down an application at the rate of l/5th of a gallon per 
square yard for the first coat and of l/10th of a gallon per square yard for 
subsequent coats, the results are quite satisfactory and have stood up to 
quite heavy bullock traffic of roughly about 200 to 300 tons per yard width 
of road. 

Mr. Daniel raised the question about the type of tar that has been 
used in the earlier applications on roads in the Punjab. To my personal 
knowledge tar complying with the Eoad Board specifications xyas used 
in 1918 and I used it myself. Mr. Daniel wanted to know what was the 
object of having written the two papers under discussion. If he had 
travelled over the Grand Trunk Eoad between Delhi and Lahore about 
5 years ago he would quite have appreciated what purpose has been 
served by the work we have done now. The Punjab roads have been 
improved beyond all recognition during the last three years and the 
two papers outline the methods adopted in order to bring about this vast 
improvement. 

Mr. G. G. C. Adami ( t/i'c Author of paper No. 6 ) : First of all Mr. Taylor 
asked about n particular kind of ctonc of high quartz content that occurs in 
Assam and which lias proved difficult to coat with emulsions. Samples 
of this stone were sent to us for testing and we could do nothing with it; 
we sent samples to London and they are still investigating it. The fact 
is that it has such a smooth surface that ordinary emulsionc run off it 
without depositing a sufficiently thick film; it is rather like trying to 
•wet completely a class marble with a drop of wafer. One means of 
getting over the difficulty would be to increase the viscosity of the 
emulsion very appreciably but this would lend to other complications 
such as rate of application being increased, etc. However the matter 
is still having attention and I hope that some solution will bp found 
in the near future. 


Then Mr. Eeid Shaw mentioned a whinstone that is also found in 
Assam that, owing to an earthy streak of decaying rock in the quarry, 
when broken often has an earthy face on some pieces; they find difficulty 
in coating these pieces completely. Asphalt will not adhere to dirty 
stonp rind this face of the sfone being earthy is impossible to coat and 
there is no means of getting over the difficulty other than rejectin'! such 
particles. As a matter of fact the stone that is used bv the Bomhnv 
Municipality also suffers from this defect but it ha s been found that 
provided there is not too hi eh a proportion of such particles no great 
harm occurs even if some faces are not coated. Such stone "cts well 
embedded m tlie carpet amongst the other coated stone. Tbe^Bomhav 
Municipal Roads are very good and T think are a sufficient indication 
that no great harm comes from some particles being insufficiently coated. 

Mr. Drown brought up the necessity of thorough consolidation of 
the base, especially where a surface painting is to be applied latc-i I 
most emphatically concur with Mr. Brown and am afraid that it is a 
p mt that is too often ignored. It is essential to give all roads the 
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maximum consolidation. Surface painting varies considerably in its 
-tvearing properties'; in some places it is found that it will cany a surprising 
amount of traffic without signs of wear, whereas in other instances it fails 
under much lighter traffic. This I think is directly Sue to the base on 
•which it is laid. If the base contains only a few stones, especially if 
they arc hard, and a lot of binding material, the stones are apt to cut 
the carpet from below; all bases for surface painting should consist of. 
the maximum amount of stone and the minimum of binding material 
so that there will be no sharp points to pierce the carpet from below. 

As regards Mr. Pnrkhurst's remarks I am afraid that he lias not 
■entirely appreciated my opinion of the penetration or grouting method. 
It is a method of construction for carrying considerable intensities of 
'traffic which has proved itself very well in India and T have nothing 
-against it from that point of view. But I do consider that it is a most 
uneconomical method of construction and just ns good, probably better, 
results can be obtained by other methods mentioned in my paper, at a 
much cheaper cost. Owing to the excess of binder in the penetration 
method there is greater risk of failure and ultimate rutting and waving 
than with pro-mix methods. With regard <o Mr. Modak T have a good 
de.al to reply to. Tn the first- place Mr. Modak has rather considered 
mv paper from the point of view of a hot -mix expert who lias to deal 
with city street problems alone : it is not quite fair to compare the 
type of cold-mix as T have described with hot-mix for there are several 
fundamental differences. One or two of rlic examples lie quoted in 
'Bombay are actually works carried out during our experimental period — 
-and wo are always experimenting — and we nre most crateful to the 
Bombay municipality and its engineers for their assistance at all times 
'for we have learnt many valuable lessons from them. 

Mr. Modal; brings up the question of the loss of solvent, in my paper 
T have suggested that no more than 8 per cent, of solvent should be 
used whilo in point of fact 4-ff per cent, is generally .sufficient Bather 
more asphalt has to he used in the cold mix types of construction than 
in hot-mix owing to the higher viscosity of the asphalt. Th c - lose of 
solvent during the process cf setting up results in about the same amount 
of asnlialt being deposited on the rond. 

Mr. Modak states that- he notices that in the cold process the aggre- 
gate is measured by volume and not bv weight; he said that hr prefers 
the weight measurement. Personally I much prefer the volume measure- 
ment for the aggregate because the weight measurement tends 
to ignore the specific gravity of the stone and sand- after 
all tlie function of the asphalt i s to coat- the aggregate and therefore it is 
tile surface area that counts. Suppose that 100 pound snmplos of two 
aggregates of exactly the same grading but of different specific gravities 
arc taken; naturally there will he a greater number of the lighter specific 
gravity stones in the 100 lbs. than of the heavier stone and therefore 
the surface area will he greater and so require more asphalt On the 
volume basis there is no such difficulty and a fixed volume of stone of 
the same grading but of different specific gravity would have the same 
surface area. I think that thorp are often mistakes made in hot-mix 
where tlio aggregates is kept to a fixed grading but where for one reason 
-or another a different stone of higher or lower gravity has to be substituted 
for the original aggregate; generally the bitumen contem is calculated 
■on the grading and so no alteration is made although the surface area 
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has been altered. I strongly recommend that the volume basis for- 
measuring aggregate should be adopted 

With regard to the asphaltic concrete on Sandhurst Bridge giving ' 
failed after two years, I would point out that tins wa s the cold process, 
carried out in a hot-mix plant and owing to the lnghev tajgg** 

. there was considerable segregation of the «tone and sand X thmK tn 
after seeing the work in progress on the ^Mak Bond e\e y 
agree that if properly earned out there is no segie 0 ation 
process. 

On the question of filler, filler can be put in in the cold process, 
without much difficulty. It is rather doubtful whether ‘ 
most of the jobs carried out on this process a fiHei 1 binder 

the addition of the filler necessitates an increase m the quantity of b na r 
to be used. As regards the two coat surface dressing the objection 
to this type of construction is not only cost, a * inch fi m s 
to COPO with am- appreciable unevenness in the base. . Municipal roads 
iu such a town as Bombay where asphalting has been m Jj * 

number of vears, are naturally almost toe tom unevcnnessandUierefore 
this consideration probably do cs not weigh heavily with Mr.lloi Lai k, but 
it is a most important one s o far * motosil remds are “ 
two coat surface dressing is an expensive type of construction when it i 
appreciated that a 1 inch mat, can he bud by pre-mix process . 
loiver cost. 

Diwan Bahadur X. X. Ayyangar: I want to know whether a seal 
coat of Spramex is necessary for Slieicrete. 

Mr G G C. Adami : That is a question I have been asked several 
times;’ a seal coat is not necessary in Slieicrete as the sand vvorks up 
to the surface. You have all seen Slieicrete Beads around Delhi in 
various stages of the sealing process and you have seen that Slieicrete 
does seal itself. The probable effect of a seal on Slieicrete would be a 
rich surface as the sand would still work up and this would mark under 
traffic. A seal is only justified if tbe monsoon i 8 to come immediate y 
after completion of the work and even then it should be extremely thin. 

Diwan Bahadur X. X. Ayyangar: In Bombay Slieicrete was done last 
year and I heard just now that the top was failing and I learn that it is 
an advantage to have a thin film of Spramex. 

Mr G G C Adami: I will find out about the particular road to- 
which 'vou are alluding and will let vou know; I understand that you 
said it was on the Thana Eoad. If what you say is correct there must 
be a particular reason for there are Slieicrete roads, in the Bombay 
Port Trust, now' nearly four years old which carry very heavy traffic 
and wkich have required neither a seal nor maintenance. 

The Congress then adjourned till 2-30 p.m. 


The Congress re-assembled after Lunch, at 2-30 P.M. with I^lwan- 
Bahadur N. N. Ayyangar, Chief Engineer and Secretary to Government* 
Mysore, in the Chair. 
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Mr. E. G. Mitchell : Gentlemen, before we start I should like to say 
that there is a further change in the programme. It seems to he the 
general opinion and desire that we might finish to-morrow aftemoon- 
The thing that we must do is to receive the report of the Co mmit tee 
regarding the future constitution and ' so forth, and the Committee has- 
yet Ho make its report which is now ready, and I hope it will be in 
your hands before you leave this afternoon. We have therefore decided. 

• to have the discussion of that at half-past two to-morrow afternoon. If 
we have not finished all the papers by then, we shall have to break off 
after discussing the report; because, after all, it is a very important 
•thing, and if anybody wants to go to-morrow, he can do so. I th ink 
this afternoon we shall probably be able to finish the papers unless the 
discussion is very long. I see that the congregation is apparently suffering 

• from indigestion (Laughter) or something of that sort, and if you will" 
not mind you might tell everybody you see, that to-morrow afternoon- 
you will see the doings and future constitution of the Congress and so- 

“forth. 

Chairman (Diwan Bahadur N. N. Ayyangar): Gentlemen, we will' 
proceed with our business, and we will take up Paper Xo. 10 which will' 
be introduced by Mr. Greening on behalf of the author who lias not been* 
able to attend the Congress. 


The following paper was then submitted for discussion. 
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{Paper No. 10) 

'Corrugation of Water-bound Macadam Road Surfaces in tho Bombay 

Presidency, and a Cure 

By 

Henry J. M. Couscns, Suycrin'ending Engineer, Bombay Presidency. 

1. This note deals with the transverse corrugation of water-hound Maca- 
•dam road surfaces in the Southern and Central Circles of the Bombay Presidency 
where the roads arc mostly surfaced with trap (Basalt) metal. Laterite is used 
in some Districts where trap is not available and quartz metal is used in very 
small areas in the Southern Circle where that is the only material which can be 
got. The metalled widths of the roads vary from 12 feet to 10 feet as a rule 
but are wider in and near the larger towns. Tho metalled widths are flanked on 
each side generally with muram side widths about, two feet wide. The binding 
material for trap metal is generally muram and when that is not available 
a red or brown soil is used. Laterite binds itself. The finished surfaces are 
blinded with sand, murnm or brown or red soil. Corrugations aTenot universal 
but only occur in certain miles. The heaviest traffic on the roads is that of 
bullock carts and public motor buses. 

2. The corrugation of water-bound Macadam road surfaces has engaged 
the attention of Engineers in recent years but. no definite cure has till now been 
discovered. Since my first appointment as Superintending Engineer in 
October, 1931, 1 have had the opportunity of carefully studying all the Public 
Works Department roads in the Southern and Central Circles of this Presidency 
and have found that the use of sand as blindage, cither by itself or mixed in other 
blindage, is the cause of corrugations. 

3. If sand is eliminated there arc no corrugations. The worst corrugations 
occur when the blindage is entirely sand. Tho less sand m the blindage the less 
the corrugations. With muram, brown earth or red soil free from sand there 
are no corrugations. Wherever there is a tendency to corrugate, »>., wherever 
there is sand, the speed of mechanically propelled vehicles is a contributing 
factor to the corrugations of the road surface. The greater the speed the worso 
the corrugations. In the Southern Circle there is hardly any sand used as 
blindage as it is generally not obtainable. Practically all the roads there arc 
blinded with brown or red soil or muram. The roads there are remarkably 
free from corrugations. These exist only in an occasional mile where a little 
oorrugation is noticeable due to a small admixture of sand in the blindage or in 
miles where sand happens to be used. 

4. In June, 1930, as Executive Engineer. Dharwar Irrigation Division, I 
wrote as follows to the Superintending Engineer, Southern Circle, in connection 
with this matter : — 

“ Assuming that the road surface is thoroughly consolidated, as it should be 
•with the aggregate pieces in as iutimate contact with the surrounding pieces as 
•possible before any binding is applied, and that tho foundation is" good the 
-corrugations are first started by slight unevennesses in the rolling which cause 
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vertical oscillation in motor vehicles travelling on the surface due to the play- 
in their springs. If there is loose blindage on the surface this results in that- 
blindage being pushed back with the backward thrust of the driving wheels in 
waves corresponding to the upward and downward osoillation of the wheels 
and a regular series of waves with distances between crests of from 18 to 24 
inches is a result of the original uneven surfaoc. . If these waves, formed of' 
blindage, are not removed regularly, as soon as formed, the pounding action 
which they induce eventually acts on the hard road surface itself and causes that 
to form into waves also, so matters go from bad to worse. A badly rolled 
surface therefore causes serious trouble and needs constant attention and 
expenditure of money to keep it to its original smoothness. It is therefore 
essential that the finished surface after consolidation should be free from waves 
The heavier the motor vehicles and the greater their speed the greater the 
damage, as the thrusts they transmit to the road surface are so much m-eater in 
proportion. Heavy motor vehicles of the public bus type should have their- 
speed considerably restricted. Their present speeds are far too great for our 
roads to stand up to.” 

5. Hot all the sand blinded miles prodtice oorrugations. Whether corru- 
gations are produced or not depends on : — 

(a) the speed of the mechanically propelled vehicles ; and 

(b) the number of such vehicles using the road compared with the 

number of vehicles of other types. 

If the speed of mechanically propelled vehicles is not high, corrugations do not 
form ; this is Ehown by tlieir absence on roads through towns or on ghat roads 
where bends are frequent and speed is naturally reduced. Sand can therefore 
be used on such stretches of road without fear of trouble resulting. If bullock 
carts and other animal drawn vehicles predominate, the corrugations that are 
formed by mechanically propelled vehicles are quickly dispersed bv the cart 
wheels and hoofs of the animals. This is particularly noticeable on the roads 
in Khandesh where there is very heavy bullock cart traffic aud at the same 
time quite a number of motor buses. The bullock carts there use the full 
width of the roacl and the surfaces, though sanded, generally remain smooth. 
There are very few miles thorc with corrugations. On other roads again one 
finds sanded miles corrugated in the centre only, as the sides are used by bullock 
carts which keep these widths smooth. 

G. At the beginning of this year I issued instructions to the Executive- 
Engineers in my Circle in the matter. They have been informed how sand 
blindage, or sand in the blindage, tends to cause corrugations and have been 
directed to use soft muram, or brown or red soil free from clay or sand where 
muram is not available as blindage, on all roads in future where there is any 
tendency for corrugations to form (olay soil being rigorously excluded, particu- 
larly black soil). The change over is now taking place and Ihope corrugations 
will have practically disappeared by the end of the monsoon, by which time it 
is hoped the sand in corrugated miles will have been entirely eliminated. The 
Poona Satara Road being a particularly bad one as regards corrugations, I 
decided to spend Rs. 1,000 on removing them from those miles in which the 
metalled surface had not so far been much affcoted by the pounding action of' 
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'vehicles going over them, as this would save considerably more in the end than 
-in repairing the damage afterwards. This has been done and muram has now 
•replaced the sand. A very considerable improvement indeed has resulted 
•giving smooth running for a car over all those miles.' Slight corrugations will 
still form until all the sand is eliminated, but these will soon disappear. Where 
’the metalled surfaces have been damaged as a result of long continued pound- 
ing action on them due to corrugations, such miles will not be satisfactory 
•until they are resurfaced. As many as possible of these damaged miles are 
now being remetalled. 

7. Sand proved an excellent binding material in the past for slow moving 
-vehicles, but due to the tendency the heavy particles have, under fast motor 
•traffic, of being brushed hack to form regular corrugations, it has now to be 
abandoned where corrugations tend to form. The much lighter particles of 
the soft muram or soil blindage do not form these regular waves. There may 
"be more dust due to tbe ebange-over on those miles where that has to he done, 
but that will be infinitely preferable to corrugations, and it will be no worse 
than motorists suffer in the Southern Division. The dust trouble will, it seems, 
have to remain until the surfaces can be asphalted or concreted. 


■■Addendum. 

Since writing this paper in October 1933 Mr. Cousens has had further 
‘opportunities of observing the results of bis remedies and wishes to add that 
•these have been very satisfactory and that the elimination of sand from road 
-surfaces, where there is any tendency to corrugate, definitely eliminates it. 
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Mr. L. E. Greening (on behalf of We Author of Paper No. 10): Mr. 
•Chairman and Gentlemen, I am afraid I have no remarks to offer on 
Mr. Cousens ’ paper, but yesterday morning 1 received from him a letter 
which he wished me to read before the Congress in continuation of his 
Paper. I will now read it. 

“The elimination of. corrugations by the method advocated in the 
paper hn 8 been entirely successful, a s observed by me in my tour s last 
month. The 130 miles of the Poona Bangalore road in my jurisdiction 
•which was the worst road in this respect, is now entirely free from that 
trouble. In only a very few miles of it there is just the slightest trace 
of corrugations, but this is due to sand not yet having Been entirely 
■eliminated from those particular miles, due either to °(1) the harder 
muram used producing gritty particles of the nature of sand, or (2) sand 
still working up by suction from the binding of the metalling. (1) is 
being put right by using a more suitable quality of soft muram or earth 
and (2) will gradually disappear. One can now motor over the Central 
•Circle roads without noticing any corrugations”. 

Chairman: Has anybody else any remarks to make? 

Capt. G. F. Hall : I admit I do not know much about roads outside 
Bihar and Orissa and in spite of the many miles of surfaced roads we 
have seen on our recent tour in the Punjab, N.-W. Frontier Province and 
round Delhi, I imagine that the great majority of puccn roads must be 
•of water bound macadam. Though in the course of time they may be 
improved to higher grades they will be with us many years to come, and 
1 submit that their maintenance to withstand the wear and tear of heavy 
and fast traffic is an important matter for the consideration of this Congress. 

I have read Mr. Cousens’ paper with more interest than conviction in 
his contention that the substitution of moorum for sand blindage entirely 
•eliminates corrugation. In Bihar and Orissa we use moorum almost 
exclusively for the blindage of our water bound macadam road 1 ; but corru- 
gation occurs on most of them. In 1933 I was officiating Superintending 
"Engineer of the Chota Nagpur Circle and was in charge of about iW) 
miles of water bound macadam roads of which about 715 were unsurfaced. 
In the March 3933 number of “Indian Ronds", Mr. Pipe, Executive 
Engineer, Bombay, published an interesting and instructive article on 
road corrugation. He expounded his theory as to how corrugations were 
formed and gave the results of his own observations. He stated that the 
spacing of waves varied from 20" to 32" but that it was invariably 
•constant over a narticulnr length of road. Mr. Cousens observed waves of 
IS" to 24" only. Mr. Pipe advocated speed restriction as the only 
remedy. 

I. took his article out on tour with me and spent some days comparing 
his observations with my own on severnl corrugated sections of the G. T. 
road. They differed considerably. I did not find ridges formed above 
the surface of the road but that corrugations were formed by depressions. 
Mr. Pipe contends that corrugntions are formed by fast cars throwing up 
the blindage into ridges. I had n section of road sprinkled with moorum 
containing sufficient loose stones to cause oscillation of car springs. I 
made sundry experiments with slow and fast moving traffic with the 
moorum both dry and wet hut in neither case did I find nny ridges formed. 
,p his is as Mr. Cousens discovered, but, as I said before, our Bihar and 
’Orissa moorum-blinded roads do corrugate. 

I also took a number of measurements of corrugations on the flat and 
•on the slope. Nowhere did I find regular waves. It, was the exception 
for two consecutive corrugations to be the same. I found corrugations 
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varied from 13" to 44", with 83" slightly predominating. The corruga- 
tions were rarely at right angles to the axis of the road but varied from 
20 to 30 degrees from it. 

I found corrugations far more severe in lengths metalled with quartz, 
which circumstances compel us to use extensively, than in those metalled 
with harder stone. This was as anticipated. I came to the conclusion.' 
that it was the slow moving traffic with iron Bhod wheels, rarely true on 
their axles, that caused the initial attrition and that the fast moving 
traffic did the rest. 

I wrote an article in “Indian Engineering” which was published in the 
issue of September 2nd, 1933, describing my observations and expressing 
my views. While I was making these observations I instructed one of 
my Executive Engineers, Mr. S. K. Hoy, to make his own independently. 
He came to the conclusion that the initial rolling was entirely responsible- 
for corrugations and that they could not be eliminated. To test his- 
contention we rolled about a furlong of road with extreme care and no 
corrugation was visible to the eye or betrayed by templates. AVe kept all 
traffic oft it and some nights later Mr. Hoy made an experiment with the 
aid of a spot light and mirror and his apparatus revealed the presence of 
corrugations. 

Incidently, while on the subject of rolling, I nm convinced that we- 
roll our quartz too long and with too heavy rollers and cause initial 
attrition by damaging the edges of the stones. 

In reply to my article, Mr. Murrell, Executive Engineer, Bihar and 
Orissa, published another in “Indian Engineering” of October 7tli, 1933, 
in which he disagreed with both Mr. Pipe and myself and attributed corru- 
gation to defective sub-grade drainage though I had no fault to find with 
the drainage of the roads in question. But he also strongly supported 
Mr. Pipe’s advocacy for speed restriction by the use of governors on 
mechanically propelled vehicles. I am personally opposed to speed res- 
triction except on the grounds of public safety. The traffic of the future 
is going to be fast and it is our dutv, as road Engineers, to improve our 
roads to stand up to modern conditions nud not force traffic down to 
our present levels. 

Since this Congress was convened Mr. Little, Executive Engineer, in 
the Sbolapur District has published an article in “Indian Engineering” of 
November 24th. 1934. entitled ”A Revolutionary Experiment in road sur- 
facing”. He seems to have gone further than any one else to date in the- 
solution of the corrugation problem and his treatment is worthy of being 
tried out on a large scale. Briefly, instead of rolling in his binding moorum 
from the top with only partial penetration, he lays liis moorum at 
the bottom of the metal and rolls till it comes to the surface, withr 
apparently vnstlv superior binding properties. Ho claims that in attempt- 
ing to pick up the surface 6 hours later he turned the point of the pick. 

My remarks are intended to show that many road Engineers are- 
interested in the problem but their results and views do not coincide. It 
also only too. frequently happens that owing to transfers, leave or differ- 
ence of interests, experiments are not continued and much useful labour 
is lost. 

I consider that part of the Petrol Tax Fund allotted to each Province 
should be set aside exclusively for experiments by selected officers and" ’ 
that Chief Engineers should insist that all experiments are continued' 
when any officer coes on leave or is transferred; results being collected’ 
and. pooled through thiB Congress. 
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As regards cori-ugation, it is unlikely that any one method will suit all 
conditions but it should be possible for us to arrive at the best solution for 
any given condition. 

Mr. H. Hughes : In Burma, a similar difficulty to that described in 
Paper No. 10 has been experienced by topping or blinding rearing into 
corrugation. The conditions were similar to those described in the paper, 
i.e., a water bound macadam road 12' wide on which the traffic consists 
of 80 per cent, of motors. The rainfall varied from 50 to 200 inches per 
annum. Owing t® this rainfall it is neither necessary to spread topping 
during the rains nor would it stay on the road. The conclusions drawn 
by the engineer in charge of the sections where corrugations formed were 
that they were due to the following causes, firstly the topping being 
spread too thickly, secondly the topping containing silt or clay and 
thirdly the topping which had been dispersed by passing vehicles being 
Sfcraped back on to the road into ridges across the road. The remedies 
tried which proved satisfactory were “(1) to spread the topping in very 
thin layers and on the wheel tracks only, (2) to insist on the topping being 
spread along the length of the road, and (3) to use washed sand from 
which silt clay had been removed”. 

Mr. II. G. Mil oh ell : Is there any member of the Central P. W. D. 
who is in charge of the maintenance of Ivingsway here? This has nothing 
but motor traffic. It has got a red gravel top and frequently corrugates. 
It has got red gravel dressing and nothing else. 

Chairman: Gentlemen, this is a very interesting paper and after all 
is said about various kinds of surfaces, we have to depend upon macadam 
surface ultimately on a major portion of our roads. The cause of this 
corrugation, so far as 1 can think personally, is Ihis. The rear wheel oi 
any motor vehicle is driven by the engine. In propelling itsell, ii has to 
react against the road and therefore it produces an abrasive action on it, 
and any soft surface like gravel or earth or macadam surface is bound to 
get worn in that characteristic way as corrugations and I do not think it 
is possible to obviate these so long as we have got only the macadam 
surface and the motor traffic is heavy and moves at high speed. The 
author says that no definite cure has till now been discovered. I do not 
think it can ever be discovered so long as we have a macadam surface. The 
only obvious remedy is to use tar, bitumen, cement or if you please, Mysore 
slabs for these roads. If you have only the sand blindage, the corrugations 
occur earlier ns sand has no binding property. But if you put elay, the pro- 
cess is slower because clay has got binding property and when it gets wet and 
dries, it gets hard. When there is blindage the corrugation first appears only 
at. the surface. As time goes on, what happens is that corrugation enters 
the macadam surface. When you travel at night in lamp light you see the 
corrugations very vividly. There is no regular system under which they 
are formed- The surface simply weave off owing to the jerky motion in 
which the rear wheel has to travel. It is due to the periodical internal 
•explosion, in the engine. The impul°e is periodical and it is transferred to 
the wheel also periodically. So the wear also is in jerks and that seems to be 
the real reason for this corrugation and, ns I have already said,' there is no 
remedy except by improving the road surface by means of tar, 
bitumen, cement or any similar materials which enn stand abrasion belter. 
We have no monev and we have still to go on with macadam road 
surfaces and the onlv remedy that T can think of under the circumstances 
is renewal of the surface oftener after a light picking of the surface with 
jxist a thin coat of new metal added. Beyond that I do not see any other 
solution. Before closing we wish to express our thanks to the author of 
the paper for the very interesting subject that he has brought before us. 

Chairman: We shall now take up Paper No. 12. 

The following paper, was , then submitted for discussion. 

M 
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{Paper No • 12.) 

Some Physical Aspects of Tyres and Roads 

BY 


G. L. W. MOSS, 

* 

Dunlop Rubber Company, Ltd., Bombay. 

The last 15 or 20 years have seen a phenomenal advance in the develop- 
ment of vehicles for mechanical road transport. This advance has not hecn 
marked by any revolutionary changes in the type of power unit and chassis 
employed, but is the outcome of a continuous series of improvements in the 
design of their component parts. Of major importance have been those re- 
lating to pneumatic tyres which are, at once, the ultimate load carriers, and 
the agents giving effect to the motive power of the engine and retarding power 
of the brakes. When it is realised further, that these functions arc only inci- 
dental to the primary one of acting as part of the springing system interposed 
between the road and the chassis, their importance needs no emphasis. It is 
difficult to conceive in what form mechanical road transport would have deve- 
loped without them. 

2. The economic advantages of a modern road vehicle cannot be exploited 
fully unless an efficient system of suitable roadways is provided. These must 
be cheap to construct and durable in character. As the physical problems of 
tyres and roads are so closely inter-related, the following paper is intended tc 
present some of their general aspects (especially those with reference to tyres) 
in a form which it is hoped will be easily understood. Most of the subject 
matter has formed part of the ordinary business of the Dunlop Rubber Co., Ltd,, 
to whom I am indebted for permission to contribute this paper. 

3. Cushioning Capacity of a Tyre. — Apart from its behaviour ns a struc- 
ture for carrying a load and transmitting acceleration and deceleration stresses, 
it is the function of a tyre to absorb shocks which would otherwise be imparted 
to the chassis by small irregularities of the road surface. This absorption 
is effected by reason of a tyre's cushioning qualities which are determined by 
its ability to deflect under increasing load, on a flat surface. This method 
of measuring cushioning capacity, and hence gauging the riding-qualities, 
is not in accordance with what might be expected from an interpretation 
of the general belief that a tyre behaves as it docs because of its ability to 
absorb or envelop obstacles. 

4. Any obstacle actually capable of envelopment by a tyro cannot, at 
ordinary speeds, produce a verticle tlirust of sufficient magnitude to impart 
a noticeable shock to the chassis. Returning then to the measurement of 
cushioning capacity, it is interesting to note the difference in characteristics 
between solid and pneumatic tyres : this formed one of the two chief reasons 
why the general use of the solid was discontinued. 

5. Cushioning Capacity of a Solid and a Pneumatic Tyre.— If a solid tyres 
is progressively loaded by equal weight increments, the amount of deflection 
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: for each increment "becomes progressively less until a point is reached when 
any further increase produces no appreciable effect. With a pne umat ic tyre, 

1 however, the amount of deflection is practically constant over the whole of the 
useful load-range so that it conforms very closely to the properties exhib ited 
by a coil spring. 

6. The condition of rigidity approached by the solid at its full load renders 
. its further possibilities as a good cushioning medium quite negligible. This 

• disadvantage is exaggerated by over-loading, or by a part-worn state of wear 
in which the effective rubber depth is, of course, decreased. In comparison, 
the deflection characteristic of the pneumatic indicates equal cushioning capa- 

• city at all loads, and since only the protecting outer cover of the complete tyre 
is destroyed during sendee, this cushioning capacity remains unaltered through- 
out the cover's useful life. 

7. Road Stress. — Poor cusliioning capacity has considerable ill effects on 
■ the vehicle due to the harshness of the shocks imparted, and no one who has 

watched the wheels of a solid tyred vehicle proceeding along a road, or felt 

• the heavy vibrations accompanying its passage will doubt either, that it has 
considerable ill effects upon road structure. Solid rubber and steel tyred 
vehicles are indeed the real road destroyers. 

8. In view of the heavy financial aspect of road construction and main- 

• tenance it is not surprising that certain countries have introduced legislation 
either prohibiting solid tyred vehicles on public roads altogether, or offering 
such inducement in the way of reduced taxation in favour of pneumatics 

•that the fitment of solids is made quite unattractive. In these countries the 
adoption of pneumatics and the development of their use at lower pressures 
must have been very effective in reducing the average cost of maintenance 
per mile of road. 

Some interesting observations are made by the Highways Commission 
< of the United States following experiments to determine road stress, etc., at 
the various loads and speeds common to pneumatic tyred commercial traffic. 
'These experiments were recorded using High Pressure tyres. The Commis- 

• sion states : — 

1. Any road thickness determined as sufficient to withstand weather 

erosion or a given period would also carry satisfactorily vehicles 
up to 6 tons gross weight. 

2. That by increasing the thickness 15 per cent, it would carry the 

, maximum pneumatic tyred loads. 

The American Bridge and Road Engineers find from a study of impact 
^ curves in the road foundation : — 

A. That if the number of axles of a vehicle is increased, and its 
load increased accordingly, the maximum road stress is not 
necessarily increased. 

. B. That the magnitude of verticle shocks increases with the speed 

1 np to 30 miles per hour but decreases above that. 

m2 
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These findings (1, 2 and A, B.) do not indicate any limiting factor to the- 
possibilities of the development of bigger and faster vehicles and certainly,, 
in as far as pneumatic tyres must play a very important part) the ingenuity 
of the ma nufa cturer is by no means exhausted and he will not fall behind any; 
of the other interests directly involved in its problems. 

Running Speed and Temperaturd of Solid and Pneumatic Tyres. It has- 
been stated that difference in cushioning capacity was only one of the two- 
chief factors which led to the demise of the solid tyre. The other was its in- 
ability to withstand speeds higher than about 20 miles per hour for the rubber 
became disintegrated by heat and failures were frequent. 

The pneumatic suffers no such disability : the reasons are as follow.. 
The cycle of compression and recovery which each part of either a solid or pneu- 
matic must pass through once in every revolution of the wheel, consumes a 
certain amount of power in overcoming the internal friction of the material 
comprising it. This loss of power reappears ns heat, and the rate at which 
the latter is dissipated from a partieu'ar point in the body of the tyre will 
depend upon the thermal conductivity of the material, and the proximity of 
the points to the tyre surface. 

9. The thermal conductivity of a rubber compound is very low — little 
better than that of dry wood. While this constitutes an equal disadvantage- 
for both tyres, if we compare the thickness of a pneumatic and solid tyro 
designed to carry equal loads, any point near the centre of tliiclcness of the 
former — which is obviously where the temperature is likely to become highest — 
will be nearer the surface than a similar point in the latter. Hence at the- 
maximum speed possible for the solid tyre the pneumatic runs considerably 
cooler, and, in fact, its speed can be increased to a point outside that generally 
required, or possible for a modern truck because eventually, the rate of heat 
dissipation will equal its rate of generation, and the resulting temperat-ure 
still remains below the critical one attained by the solid. It will be noted that 
the difference in temperature characteristics is due to difference in thickness, 
and not power consumption. Actually the latter is somewhat higher in the 

t neumatic tyre. 

10. Cushioning Capacity in relation to Pressure and Section . — The reasons 
for the increased cushioning qualities and higher permissible speed of the pneu- 
matic having been explained, it will be interesting, in view of the continued 
development in the direction of larger sections and lower pressures, to indicate 
the effects of these changes on pneumatic tyre behaviour. 

11. As is well lniown, the cushioning capacity of a tyre can be increased 
by lowering its inflation pressure : when dissatisfaction with riding comfort 
arises, this is indeed automatically resorted to. It, is also dependent on the- 
cross-sectional width, for if the capacity of two tyres of different cross-section 
are compared at equal pressures, that of the larger has the 'smaller value. 
This means that if a reduced pressure, satisfactory from the point of view of 
comfort (but not tyre life) is found for a small tyre, and a larger tyre is then 
substituted to operate at the reduced pressure, the same degree of comfort 
will not be obtained and a further lowering of the pi essure must be made. 
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• - 12. A little thought will make it clear, therefore, that in a change of tyre 
•equipment from which an appreciable improvement in riding comfort, is con- 
templated, the difference in pressure between the old and new tyre must be 
•.great enough not only to provide the obvious advantage to be expected from 
the use of a lower pressure, but also to mask the disability accompanying the 
•use of the larger section itself, as such. This accounts for the wide di ff erence 
in pressures as between the High Pressure and Low Pressure or Low Pressure 
•and Extra Low Pressure tyre ranges. 

10. Damping Capacity and Power Consumption. — We now come to a 
consideration of the damping characteristics of a tyre which affect its ability 
•to damp out oscillations. To make the meaning of this property clear we may 
illustrate it. If a weight is suspended on a thin coil spring and set moving 
•with an upward and downward motion, it will continue to oscillate for some 
time before coming to rest. If the operation is repeated with the weight and 
spring immersed in a fluid ( t.g . oil), part of the potential energy of each oscilla- 
tion will be consumed in displacing the fluid itself which will thus act as a damper 
-and bring the weight to rest more gently and in less time than before. By an 
inherent virtue (from the nature of its materials) and not design, a pneumatic 
cover acts similarly in damping out the oscillations of a vertically displaced 
axle. Its efficiency, however, varies with type, and the modem Extra Low 
Pressure is less efficient than the High Pressure in this respect. That this 
rls so is readily apparent, for modern cars are fitted with “ shock absorbers ” 
or “ dampers' ” to supply an extra damping effect never found necessary with 
the old High Pressure type. 

14. A tyre’s damping abilityis connected with its power consumption 
but not in a very obvious manner. Returning to the illustration given by a 
•spring-suspended weight immersed in fluid it will be reasoned that if the 
proportion of energy lost in displacing the fluid increases in relation to the total 
energy of the oscillations (such as would occur by using a thicker fluid), the 

• damping effect would be greater. Sueb is the case, but it is to be noted that 
•.the actual value of the total and lost energies does not matter : It is only a 
•question of their relative proportion. 

15. Now if a High and Low Pressure cover of the same Ihickntss are 

•run at equal load and speed (but appropriate inflation pressure) the deflection 
■ of the low pressure cover will be the greater, and, therefore, the total resis- 
tance of the cover to deflection, or its power consumption, will be greater, 
but duo to the smaller ratio of thickness to cross-sectional width the Low 
Pressure cover is a. much more flexible structure and the proportion of power 
consumption lost by internal friction is less. When increase of deflection 
and section is carried a stage further as in the Extra Low Pressure cover the 
power figures increise in magnitude but become'more divergent in proportion. 
The high power consumption and the low damping value is therefore under- 
stood. • ... 

16. The Iioad and Tyre Contact Area. — It is generally thought that as 
the air-pressure within a tyre is constant at all points, the road pressure 

• over the contact area is also constant, and that the contact area multiplied 
-by the inflation pressure would give the tyre load. This is not. the case, 
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for the geometry of a tyre is complex and can bo varied within wide limits- 
according to fclio view of the designer : its material is not uniformly- 
stressed under deflection. 

17. For practical purposes the shape of the area of contact is elliptical : 
any tyres of equal overall diameter, irrespective of inflation pressure, or section, 
wiil, if deflatod by an equal amount (say ono inch) have the same longth of 
contact. But the width of contact cannot possibly bo wider than the width 
of the tread which is arbitrary. Obviously, therefore, if thotvros cany the- 
samo load, a low pressuro cover with a comparatively narrow tread would 
give a low pressure-area product while a high pressuro covor with a wide tread • 
would give a high product. Nbitlior would equal fcho load carried. Eliminating 
air pressuro therefore, tlio most that can bo got from tho relation botwoon 
contact area and load carried is the average road contact pressure per square inch. 

18. Intensity of Pressure in the Rtuvl Contact Area . — Tho variation nbovo 
and below this average pressure is fairly groat and is influenced both by tho- 
curvnturo across tho tread, and tho pnttom. Tho rounder tho tread, tho higher - 
will be tho intensity of pressuro in the centre of the area. If the tread is loss 
round and wider, and tho defloction increased (such as for oxnmplc, may bo 
considered to bo tho case with a Low Pressure covor) tho intensity at the contro 
is decreased whilo a corresponding increase occurs at tho edges. 


19. Tho better anti-skid properties of Low Pressuro and Extra Low Pres- 
suro tyros, compared with High Pressure, is attributed to these differences- 
since any lubricating film presont on tho road will be scraped away as the tyro 
commences to slide, and thus provide a clean surface for tho “ follow-up " 
area. Road contnet-prossure can also bo modified by alteration of tread 
pattern characteristics, for obviously if the portions cut Away (/.-*. tho grooves- 
of tho pattern) arc different in two tyres otherwise alike, tho contact pressures - 
at local points will vary botwoon thorn according to grooves sizo and disposition. 

20. Surface Iioad - Tl car . — Tho rate of “ break-up " of a thin lamina of a 
hard road surface or “ cutting-up ” of a plastic one must decrease for tho r&tno 
load carried if the contact area of tho tyre supporting it is increased. Tho 
average road pressure of tho pneumatic tyro is obviously much less than that 
of an iron tyro (such as fitted to a bullock cart) which approaches n line contact. 
This is truo, oven if only the local areas of High Pressure contact in tho pnou- 
matic are considered because tlio rubber pattern-blocks increasingly distort 
themsolves as the road pressure increases, and thus tend to restore pressure • 
equilibrium. 


21. At tho same time, ns the- tread commences to leave the road, the- 
recovery of the pattorn-blocks from distortion causes a slip, and hence an 
ahras vo action between them and tho road surface, ovidoncc of which is oasily 
discernible in the form of wear the pattern blocks take. It will be roalisod 
that an abrasion of tho road surfneo accompanies that of the tyre tread The- 
amount depends upon tho nature of tho road materials, but whatever this 
may amount to, it would bo contrary to reason and common observation to say 
that it was equally, or oven as remotely, destructive in its effect as the pulveris- 
ing and cutting action of the iron tyre. 
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Mr. G. L. W. Moss ( the Author): I have not very much more to say 
beyond what I have already mentioned in my paper. Prom its perusal you 
will oather that the chief physical characteristic of a tyre from the point 
of view of the road engineer is its cushioning capacity. I have fairly 
dealt with the difference in cushioning characteristics between a Bolid 
tyre and pneumatic tyre; an important difference which led eventually to 
the demise of the solid. I need hardly say that the steel tyre of bullock 
drawn vehicles has no cushioning capacity whatever. We have witnessed 
vory important developments in tyre construction in the last two or three 
years, chiefly in the adoption of larger section pneumatics for use at lower 
inflation pressures. These lower pressures still further improve cushion- 
ing capacity. I would like to illustrate this question of cushioning capa- 
city bv means of a graph which will explain in a few minutes what 
otherwise requires some considerable time. 

Here the author drew' a graph which is reproduced below — 



LOAD IN Cwr s. 
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I have purposely refrained in my paper from giving figures. You will 
realise that the many different sizes of tyres, nnd the differing conditions 
under which they work, makes the question of selection a difficult one but 
if any members would like particular figures for definite types or sizes 
of tyres, I shall be very pleased to give them. 


DISCUSSION ON PAPER No. 12. 


Mr. 0. H. Teuton : Mr. Chairman and gentlemen, the exhibitions 
which the Dunlop Tyre Company have given us on the roadside, as we 
have gone along, of their tyres have all been under dry conditions. What 
I should like to ask Mr. Moss is, what happens during the monsoon? In 
Burma the mud is inches, if not feet, deep in many places and the 
Burmese cart wheel has a very narrow tyre and the construction of the 
wheel is also narrow in order that they may cut through, tlie mud and 
reach possibly harder grounds, so that they can move along at all. Is the 
bearing surface of the new air wheel sufficient to support the load in such 
circumstances where you have several inches of mud to contend with? 
If not, the introduction of the air wheel to the agriculturists in Burma 
is quite out of the question because the carts must go on to the fields as 
well as on to the roads. I shall be very glad if Mr. Moss can give us 
some information on this point. 

Mr. K. G. Mitchell'. I would like to ask Mr. Moss one question. Are 
these typical graphs drawn in respect of a point load or in respect of a 
natural tyre resting on a surface 0 Because in the latter ease, ns the tyre 
deflects, the area of contact increases and I do not think it would be a 
straight line. 

Mr. G. X. TT'\ Moss [the Author): Those curves relate to pneumatic 
tyres at constant air pressure and the increase in contact area does not 
affect them. The area of contact does not alter in relation to the load, 
applied because the width of contact is constant as determined by the 
thread width. If you have an increase in deflection or load, you merely 
increase the length of the major axis of the ellipse of contact but that 
increase does not bear any direct relation to the increased load which you 
apply. It depends more upon the stiffness of the material itself. Por’ nil 
practical purposes you may take it that the load deflection curve is a straight 
line. 


Chairman . I too would like to ask one or two questions of Mr. Moss 
about these tires. Generally, in the case of pneumatic tvres, we speak 
of suction action. Is that correct? I am inclined to think that the 
description of the action is not correct, because if that were so the 
solid tyres would be better than pneumatic tvres. How, in the former 
case, can suction occur? We know that the same destructive action takes 
place on the road whether it is solid or pneumatic. You may perhaps 
say, because of the weight the tyre gets depressed when the load is 
directiy on a point and throws out the dust in the act of recovering In 
addition, dust is thrown out by the rain due to centrifugal action also. 

One other point is that in all your trials with bullock carts, vou have 
been using pneumatic tyres I cannot see why yon went out of Vour way 
to provide pneumatic tyres for bullock carts. In these cases the trouble 
is the axle and the hub. You have nice ball-bearing hubs fitted to the 
ari.es of the wheels and if you only fitted solid rubber tvres I think the’ 
agriculturist would take more kindly to it and you would do much better 
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•htudnosK nnd nflord much more benefit to the agriculturist. I suggested 
this point more than once to the people concerned in Bombay and also 
in Mysore and I mention the matter once nsrs»iri here. 

Mr. K. 0. Mitchell : T mn sorry I forgot one thing I would lilce Mr. 
Moss to deal with in replying to tin- discussion. Some years ago in tho 
Brunswick - experimental test track, they suggested various materials. I 
think if was definitely established that low pressure pneumatic tyres were 
far more destructive than high pressure tyres. Perhaps Mr. Moss will 
•deni with that point 

.1/r. .1. IT, .V. Dean: Is it not a fact that oun-idernbly incri*n>ed 
drought is required for the same load with low pressure than with high 
pressure tyres nnd that the extra tractive effort may therefore damage 
the road somewhat more? It seems to me there is a direct relation 
between tin* tractive effort of a tyre on a mud and tl»«- ibstnteliie effect 
>.of n tyre on tlie road. 

Mr. ft. /,. 11'. .l/o.i s tihr Author): 1 have been asked whether pneu- 
matic wheels for carts used on muddy surfaces would lie more or less 
efficient than tin 1 ordinary type of wheel. The goat advantage of pneu- 
matic equipment, of course, is that <*n "round in a m. mi-muddy state, one 
can by lowering the intint inn pressure obtain tin increased and concave 
contact area *.,0 that tie* tread of th*> iyr- cut s itself and that hap a binding 
action in the ground ov< r which yon are polling. The tyre will therefore 
ulhh* over the muddy *-oii ratle r than sink and inercu.-*' the mnuir* d dinuvht. 
It, of course, the ground is so watery that c''U<pre= -i..r, is impossible, no 
type of tile would be «*frh»r more <>r less etitewnt tlrui mother. With 
pneumatic equipment, it i c true that you would have a wider Fiction of 
tyre Mulling t<> tie* firm foundation and .1 prr-um.- therefore that n 
‘'.lightly greater effort would be needed to draw tie* am mn me Ho under 
ih.we Vniidiitnm-. Tin* gr.-ai |«oiht i- h-ovever th.,t u!„i. tract] :i over 
certain surface* is tut *rh impos'-ibb* with an ordinary type o: v.-hocl 
(hecmi*e it has to sink to Mich depth* to obtain ilrmvu-* that it is 
impossihle for the e.irt m la* drawn ut 1 , 11 ), wlere (hr.?e conditions 
T*n*v:iil. the pneinmitie tyre enable*. them to be lwiv.ti tb*d vith more or 
less cas°. 

From experiments which have been eart-kd out <*0 pi'-m: 1 .. d land 
it is found that the draw-burs puli b-r pneumatic tyr* d farm carts is 
about one-third of that requind f**r sic-d Hied cart-. That of course is n 
V'*r,v appreciable ditTerencc, On vi ry hard nnd * innoth s'trfac- the 
advantage is still with the pn« umutic tyre but it i«- m.t 10 highly marked; 
but even so the draw-bar pull r- perhaps in ihr r. gi *!i of to 25 per cent. 
’*• -• than for steel tyred carts. 

The question of slippage or, ns the Cinurinnn hiw described it, tho 
suction of tlin dun on the road, nneiniit , In tlii-.. Wb.at actually happens 
when the tyre is in contact with the road is ihnt tho pattern close,.- up 
partially. This is to he expected because th" are of th- tread is compressed 
into a chord length. When the tread lie-rim* In leave the road the pattern 
releases itself again and promotes ih** slipping action of each independent 
pattern-block. This nation combined with agitation of the air by tho 
revolving tyre tread raise*, a died cloud. Actually there is no suction of 
the tyre tread as such. 
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Solid tyres could not be advantageously adopted for bullock cart, for 
the reason that on soft ground they have no advantage at all in tractive 
effort over the ordinary type of steel tyres. In addition a mere change 
from steel to solid rubber tyres would not give any appreciable advantage 
in cushioning capacity. 

With regard to horse-power consumption in relation to lower inflation 
pressures, it is quite true that the consumption does increase as the more 
the tyre is deflated the more is the power consumed in the material of 
the tyre itself. In the case of ordinary motor cur tyres say the 5’24\ 
section on a car travelling at 35 miles an hour, each tyre will absorb about 
three quarters of a horse power. If you change the 5*25 section to 
7 - 00 at a very much lower pressure, the horse power will increase to 
about one horse •powfr per tyre which is an increase of 33J,rd ner cent. 
However, although these horse power figures loolc rather alarming, they 
are not very important. Power losses due to tyres are nnlv about 30 
per cent, of the transmission losses in a car. Sonic people have found 
that with tyres at very low pressure an increase in petrol consumption 
from 6 to 7 per cent, has resulted. I have even heard it expressed as 
high as 15 per cent, but actually one would not normally expect an 
increase in petrol consumption exceeding 8 per cent. In any ense, the 
advantage of extra low pressure tyres in regard to riding comfort is so' 
marked that whatever disadvantages arise they are gladly accepted. 

I am afraid, I did not quite understand your point, Mr. Mitchell, with 
regard to relative road wear between high and low pressure tyres. 

Mr. K. G. Mitchell • It was proved I think conclusively on the 
Brunswick test track some years ago. If you like I will send you the- 
particulars. It is all in German if you can read it. I suppose it was due 
to the slip. 

Mr. G. L. IF. Moss, (the Author ): It is possible that the question of 
pattern slippage with regard to road wear is important. It is also import- 
ant to the tyre manufacturer because the pattern slippage determines 
(more or less) the tread wear. Obviously the tyre manufacturer has to 
produce a tyre which is going to give a reasonably long life. Not quite as 
long ns some people would like it to be, but this question of slippage can 
be modified by alteration in the trend design. So that it is therefore quite 
possible that any experiment which took place two or three or more years 
ago would not now be very acceptable. That is all I have to say. 

Chairman : Gentlemen, you will all join me in passing a hearty vote 
of thanks to Mr. Moss for his valuable paper. 

We will now take up Paper No. 11 Although it stands in the name 
of Mr. Taylor, it will be introduced by Mr. Pennell. 


The following paper was then submitted for discussion. 
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( Paper No. 11.) 

NOTES ON THE PLANT USED POE QUARRYING AND GRANULAT- 
ING AND OPERATING COSTS ON THE GAUHATI-SITILLQNG; 

ROAD, IvHASI AND. JAINTIA HILLS DIVISION, ASSAM. 

BV 

B. F. Taylor JR. N . OJfg. Chief Engineer, Assad i. 

1. General description . — Tho quarry has hcon formed by oxcavating into- 
a email hill ono face of which iB sold fine grained gneiss rock. The air com- 
pressor is situated well up tho hill above the top of this rock face so as to bo 
out of danger’s way during blasting. For similar reasons the granulator is 
about a hundred yards away at the foot of tho hill and screened by a small 
spur. A quarry road suitable for lorries naming past tho granulator and 
storage bins forms an arc to the main road which passes close by, 

2. Plant employed for quarrying . — The following Sullivan machinery of 
the Sullivan Machinery Company, Chicago. (Solo agents for India— Mncfnr- 
lano and Company, Limited, 18, Tangra Road, Entally, Calcutta.) 


Coat f. o. r. 
Calcutta. 


Mr Compressor, class WK312, size Gt by 5j 
Drill Bteol furnace (oil), class G. F 2 
Drill Sharpener, class C 
Rotator hammer drills, class L7 ’ 


Rs. 


7,825 

1.000 

2.375 

500 


It was found easier to got good tempering with an ordinary smith’s 
tripod furnace using coke than with the oil furnncc. When the furnace and 
sharpener are in use only ono drill can bo used and although when no 
sharpening work is being done it is possible to run two drills it has been found 
that bettor progress is maintained by running one drill only as with two drills 
running simultaneously full air pressure cannot l.o maintained with the result 
that the rotation speed of tho drills drops with corresponding loss of efficiency. 
Also oven when only one drill is working continuously tho sharpener can only 
just about manage to keep it supplied with sharp and properly tempered 
drills since each drill only gives from 8 inches to 1 foot doptli of hole bojforo- 
requiring ro-slmrpening and tomporing. Three sizes of drills arc used, i.e., as 
the hole deepens its diameter diminishes, tho larger drills give rathor moro- 
ponotration than tho smaller ones before requiring re-sharpening but tho abovo 
may ho taken ns tho avorngo jonctration per drill. With this Compressor 
theroforo it does not pay to use 2 drills. 

3. Plant employed for granulating . — Tho granulator is a 1 2 inch by a 4 
inch portable IladfieldiT complete with screen and loading platform. Costs- 
f. o. r. Calcutta 5,350. (Solo agents for Hadfields, Limited, Sheffield : — Messrs* 
Bnlmor, Lawrio nnd Company, Limited, 103, Clive Street, Calcutta ) 
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The standard dust excluder has not been found long enough as dust was 
•still coming through with the small chips. It has therefore been lengthened by 
15 inches allowing just enough room, 6 inches length of screen, for the small 
chips to fall out before the first line of 3/4 inch diameter holes for the large 
chips is reached. Changing the jaws and adjusting the clearance between 
'them to alter the proportion of large to small chips produced is a very simple 
matter. The jaws both fixed and swing cost Es. 50 each f. o. r. Calcutta. The 
'teeth of the jaws are worn flat after producing 2,500 to 3,000 eft. of chips, 
when they have to bo replaced. 


The granulator is driven by an 18 B. H. P. Lister Diesel engine mounted 
.on a trolley complete with cooling tank. 


(Messrs. Balrner. Lawrie and Company are also the agents for these Lister 
•engines.) 


The prices, f. o. r. Calcutta, aro — 

18 B. H. P. Lister ongino 
Trolley and cooling tank 

Tho Fuel Oil usod is supplied by the Digboi Oil Wells in Upper 
Assam, tho cost cr-godown, Gauhati. being . . 

Tho consumption is less than half a gallon per hour. 


Rs. 


2.4S5 

152 


97*12 per ton 


This engine was supplied without any air filter and considerable trouble 
was experienced due to dust, which is produced in clouds and forms an excel- 
lent abrasive, getting into tho engine and wearing down the cylinder .walls till 
air compression is lost. 

After various trials a very satisfactory filter was ovolvod. Tho air intake 
pipe was lengthened some 20 feet and taken outside tho engine shod, the end 
bent over at right angles and lot into a 40 gallon drum with about 1 foot of old 
crankcase oil at the bottom, the mouth of tho pipo being kept an inch or so 
above tho surface of the oil. The air thou enters through the bungholo at the 
"top of tho barrel, passes across the surfaco of tho oil and so up iito the air 
intake pipe. The barrel becomes full of oil fumes sufficiently thick to catch 
tho dust which falls into the oil and so is trapped and pi evented from continuing 
to circulate in the air. This is tho gonoral principle of the air filters on the 
Caterpillar tractors and is most efficient. 

The engine should be sited up wind of tho granulator aud tho driving bolt 
bo sufficiently long to keep it 20 feet or so away. When both tho granulator 
and the engine are working under cover, tho granulator shod should have 
.open sides, or the dust becomes suffocating. Tho engine shod should have 
walls, a dust proof wall with a small opening only for the bolt drive boing 
.essential between tho engine and the granulator. These engines aro provided 
with ^cylinder linors but they are expensive and it is worth while going to some 
trouble to keep the engine room as free of dust as possible. 

4. Outturn. Each rotator hammer drill gives 25 to 50 feet of hole per 8 
hour working day according to the hardness of tho rock. 

The granulator produces on an avorago 300 eft. of chips per 8 hour day 
•but has been worked up to 500 eft. 
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5. Blasting.—' The charges aro fired electrically, some 6 to 8 holes being: 
exploded simultaneously. The depth of each hole iB 2 to 2h feet and 1£ to 2 
cartridges (10 cartridges to the pound) of dynamite aro found sufficient per 
hole. Holes of greator depth produce too largo pieces of rock which are diffi cult, 
to break to a section of less than 12 inches by 4 inches the size of the granulator- 
jaw opening. Holes two feet deep spaced fairly close together so as to shatter 
the rock wore found most economical. 

Dynamite proved much more successful than gelignite as the latter did 
not shatter the rock -sufficiently. Blasting gelatine would probably give still' 
better shattering results but is considered too unsafe for use by unskill ed, 
labour. 


6. Costs. — With labour rates ns noted below the following are the cost 


Compressor driver who nlso sharpens am 
tlic drills 
Handyman . . 

Lister engine driver 
Handyman 
Hoad driller . . 

Assistant driller 
Cooly, malo 
Cooly, women 
Cooly, boys 

Analysis of rates for 100 eft 


tempers 


Rs. 45 per monsem 
Rs. 25 pormonsom. 
Rs. 35 per mensem. 
Rs. 26 per munsoin. 
Rs. 1*4 per day. 

As. 12 per day. 

As. 8 per day. 

As. 6 per day. 

As. 4 to 0 per day. 


of granulated fine grained gneiss chips from Basbari 
quarry in mile 31 j 5 of the Gauhali-, Shillong Road including quarrying large- 
stone. 


Its. n. p. 


1. Cost of running the Compressor for 100 eft. of large stone 

2. Cost of drilling . . • 

3. Cost of blasting 

4. Cost of clearing and bronking to sizo . . 

6. Cost of carriage of largo stone to granulating shod 


4 6 0 

. 0 7 10 
.278 
. 1 15 0 

.10 5 


Total quarrying costs por 100 eft. of largo stone of section not 

exceeding 10 inches by 4 inches .. .. .. 10 4 11 

For 100 eft. of granulated chips 125 eft. of largo slono aro 
required : — 

Rs. a. p. 

Cost of 125 oft. of largo stono at Rs, 10-4-11 . . 12 12 3 

Allownnco of 5 por cent, on Rs. 12-12-3 for unservice- 
able stono obtained by blasting . . . . 0 10 2 

Cost of granulating 100 eft. of oliips . . . . 5 12 0 

Cost of carriage to storago bins and boxing 100 eft. 

of chips .. .. . . 0 12 10 


Total .. 10 15 3 
Say Rs. 20 
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.'DISCUSSION ON PAPEE No. 11. 

Mr. K. 'E. L. Pennell (on behalf of the author): Mr. Chairman and 
igentlemen, I have not got anything to add to what is given in this paper 
• except to say that the reason why we had to adopt granulators was because 
we found that the cost of breaking chips by hand labour became absolutely 
•exorbitant. We were using the hardest stone we have in Assam and we 
had great difficulty in getting the coolies to break it even to road metal 
size, one inch to 2'5 inches, when ordered to break it to £ths of an inch, 
they found it practically impossible and refused to face the job at all. So 
the only thing to do was to instal granulators and we found the cost was 
certainly very much less than we would have had to pay for hand- 
breaking and even slightly less than we had been paying for hand- 
1 breaking to road making size. 


Mr. A. TF. H. Dean : I would ask whether any trouble was experienced 
from excess of elongated chips from this process. Were the chips of a 
cubical shape? 

Mr. IC. E. L. Pennell : No, we found that with the granulator the 
chips were more cubical than the debris in the quarries where they had 
been hand-breaking to ordinary road metal size. Previous to getting the 
granulators we had used the debris in the ordinary quarries by screening 
it for chips and those hand-broken chips were definitely wedge-shaped and 
very elongated. We have a Hadfield’s granulator, the swing jaw on 
which is on an eccentric shaft ; so that in addition to the horizontal 
motion there is also a vertical motion nnd consequently the resulting 
motion of the swing jaw is a slightly rolling one, and it produces nicely 
graded cubical chips, which do not eontnin any elongated pieces. 

A member : Mr. Chairman, I have also to ask one or two questions 
because we have also crushers nnd we have experienced the same kind of 
nuisance about which mention lias been made in the paper. One of our 
crushers was installed very close to the ground and the stuff was 
falling into the pit and the nuisance was very great. So when 
we wanted to instal another crusher we reduced it to a certain 
extent in order to protect the men from the«e respirators because 
they find them very difficult to work. I should like to know whether 
any attempt has been made to solve this dust nuisance. We have got 
a serai-portable steel boiler, so that the trouble about asking the people 
does not arise. The trouble is about the people who work there. Simi- 
larly, we have got quarries in the same vicinity and we find that in one 
case we get a hard stone and in another ense a soft stone. While in, 
the case of the soft material the change is affected after an output of 45,000 
feet. Our cost of crushing works out to about Es. 4-4-0 per cubic foot. 

Mr. K. E. L. Pennell: The only other question which has been asked 
is how we are dealing with the dust nuisance. Frankly we don't know. 
The only thing we can do is to have a shade over this granulator without 
any walls. We first of all provided walls with the result that the men 
were absolutely suffocated, so we took the walls down and raised the roof 
rather higher to get some breeze through it, and the men had to get on 
as best as they could. I do not see how we are going to overcome the 
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dust nuisance at all except by so sitting tlie granulator tbat the prevalent 
winds operate in the same way as described whereby the engine is upwinds 
of the granulator. (Loud Applause). 

Chairman : I th ink all will join me in passing a hearty vote of thanks 
to Mr. Taylor, the author of this paper, and to Mr. Pennell for having 
kindly' answered the questions raised. (Loud Applause). 

I think we will leave the concrete papers for to-morrow morning. Will 
Mr. Meares kindly come up and introduce his paper? 


Mr H A Hyde, M.C., Chief Engineer, P. W. D., Central Provinces, 
took the Chair at this stage and the following paper was then submitted 
for discussion. 
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( Paper No. 13.) 

TEST TBACIvS— A SUGGESTION. 

BY 

C. D. N. Mcares ( Standard-Vacuum Oil Company.) 

The object of this paper is not to give any startling information but" 
rather to offer a suggestion which, should it meet with general approval' 
and support, will, I feel sure, lead to a very definite advance in the 
science of Road Construction in India. 

2. In brief, the suggestion is that we have in India now reached a 
stage where independent experiment with different road building materials 
and specifications should bo discouraged in favour of the establishment 
of a central Road Authority, or Authorities, who would undertake any 
research necessary under the most economical and favourable conditions. 
There are two aspects to every road problem: the theoretical or laboratory 
side, and the practical or seiwicd side. For maximum efficiency it is 
necessary to provide facilities to study both. The theoretical or laboratory 
side requires no enlargement, but the practical side is quite a different 
matter, and calls for considerable outlay if expr<riment s are to be under- 
taken by each and every loeal authority on actual sections of road which 
are proposed for treatment. Apart from this, however, the greatest objec- 
tion is n s regards time — it takes years to got results and during the course 
of these years most of the personnel have changed, records are lost or no 
longer maintained on the. original lines, so that, the experiment has little 
ultimate value. The ideal condition would therefore be to reduce the 
practical or service side also to a laboratory problem in which all the factors 
to be considered can be reproduced cn an economical scale and under 
exact control. This ideal brings me to the subject of this Paper, Test 
Tracks. 

3. A Test Track is simply a road surface laid precisely as other surfaces 
under working conditions, but carrying exactly controlled and intensified 
traffic, so that the life of any jinrticular specification or material can be 
rapidly measured and co-related with existing data to give a substantially 
accurate estimate of what that particular specification or material will do* 
in practice. In this connection, a brief description of the Test Track 
constructed by the Dutch East Indian Road Association at Bandoeng, 
Dutch East Indies, will ba of interest. 

4. Thr Test Track at Bandoeng . — The Track is an oval with straight 
sides each 135' long, connected with ends in the shape of semi-circles of 
50' radius, giving a total length of approximately GOO'. The paved width 
is 15', and on either berm there is a rail mounted on concrete supports 
to act as a guide rail for the vehicles. Traffic is restricted to two vehicles, 
one a synthetic motor lorry running at 14-16 m. p, Ii: and the other a 
synthetic bullock cart running at 3 m. p. h„ both of which are electrically 
driven and take power from overhead wires. The running of the vehicles 
is controlled from a main switchboard and they are guided automatically 
by being connected to tbe guide mils. Tbe bullock cart is connected witii 
the inside guide rail and tbe lorry with the outside rail, while the connec- 
tions are telescoping, so that the wheels travel over a comparatively broad' 
area instead of exactly tracking. Each vehicle is a 3-wEeeIer, the Jerry 
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having the drive transmitted through a differential to the repr wheels thus- 
reproducing actual conditions, while the bullock cart' ha B the drive con- 
centrated in the third rubber tyred wheel in front to give the effect of 
animal traction. _ In each case, the third single wheel is the steering wheel 
and the telescopic action of the connector arm to the guide rail is auto- 
matic through an eccentric. On each vehicle, the rear wheels only are 
the test wheels and weight on the front wheel is limited to a minimum. 
The paved portion of the track ha s a 10' boulder foundation, this being 
preferred to concrete os more nearly approaching actual conditions. Over 
the foundation is a 2V course of waterbound macadam, and the material 
or specification to he tesled is laid on top of this macadam. 

The five Photographs' appended to this Papqr will help to clarify the 
foregoing brief description. 

5. Operation. — Tlie method of operation is to divide the track into 4 
sections, each containing half the length of one straight and half the 
adjoining curve. Thus four separate and distinct trials can be carried 
out simultaneously under precisely similar conditions. The vehicles are 
started, and an automatic counter records the number of revolutions of 
each. Photographs are taken at frequent intervals, and careful records 
kept of the condition of each strip as the test progresses. In order to 
get even more accurate data a Profilo-meter which records the profile 
of tlie track at different stages was also tried, but this has not proved 
entirely effective. 

6. Coats and Fhiance . — The total cost of the track, inclusive of vehicles, 
was in the neighbourhood of 35,000 Guilders — about Bs. 52,000 at the 
present rate of exchange — a not unreasonable figure. This outlay was met 
from the funds of the D. E. I. Hoad Association which in turn is financed 
by grants from Government and Local Authorities. The first tests carried 
out on the track were all undertaken at the expense of the Association, 
but since then it has become the rule for firms dealing in Bond Materials 
to donate the quantity required for any tests they advocate, other costs 
being borne by tlie. Association. The present procedure is to undertake 
tests at tlie instance of any Bond Authority or approved suppliers, the (tost 
thus being divided between the Association and the supplier in the laller 
instance. It is considered that no firm of repute is likely to ask for tests 
unicss they are reasonably sure of themselves, and jn such cases the 
Government also benefits by the data obtained and thus the arrangement 
is equitable to both parties. Information regarding successful tests is 
disseminated regularly among subscribers to the Association, and it cannot 
be too strongly stressed that in this direction lies the true value of a 
centralised Test Track. 

7. Adaptation to Indian Conditions . — Far be it from me to criticise the 
Bandoeng Track", but failing an opportunity to discuss the matter with the 
Dutch East Indies Boad Association authorities, it seems that there are 
several possible improvements and economies. Commenting with due 
diffidence — 

(1) It would appear that ‘an improvement would be to havo one 
wheel of each vehicle running in tlie same track (I will enlarge 
on this subject Infer). Experience in India loads me to believe 
that, most' of the damage to unsurfaccd roads is done by tlie 
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combination of fast-moving rubber-tyred traffic and destruc- 
tive steel-tyred traffic, while in many cases the rubber-tyred 
traffic has actually a beneficial effect on paved roads carrying 
bullock cart traffic also. 

(2) The average speed of Motor Buses nowadays is nearer 30 m. p. h. 

than 14-16 m. p. h. 

(3) Tests could be very much accelerated by using a train of bullock 

carts towed one behind the other. 

(4) A better measure of information would be obtained by varying 

the radii of curves, 

(6) A central Test Track may be quite sufficient in the Dutch East 
Indies for the good reason that the stone available throughout 
the Islands is uniform, and the climate ditto. In India we 
would have to have several such tracks to cope with wide 
variations in climato and material. s 

8. This last item brings us to a slight impasse. The objection to any 
■accelerated test is that we are quite unable to reproduce the time factor 
which is important in that it may have a very considerable bearing on 
the behaviour of a particular road binder under service conditions. Also 
we cannot reproduce variations in temperature — another important factor. 
The latter can be overcome to a certain extent by carrying out the test 
of any particular specification at the season of year known to be most 
inimical to its success while the effect of rain can be reproduced by means 
-of a common or garden hose. I believe, however, that these objections 
can well be taken care of by co-relation of known results with those 
•obtained on the Test Track. 

9. However, taking tlie five criticisms enumerated above into considera- 
tion, I would offer 


A Suggestion. 

This is only a suggestion, but it is submitted for your earnest consi- 
deration in the firm belief that developments on the lines indicated will 
he a very real step forward in the history of Indian Hoad Construction. 
My suggestion is not one suggestion — it is a scries of suggestions, each 
representing a definite stage in the attainment of a final ideal. 

10. 1st Stage : Establish a properly equipped laboratory in Delhi 
for the examination and test of nggreca^es, binders and samples taken 
from actual roads, both successful and unsuccessful.. This Inmoralory to 
be erected solely for road research. 

Establish a Test Track in Delhi, in itself experimental, to determine 
a cheap and efficient type. 

Conduct a series of experiments to co-relnte Test Track results with 
known results of various materials and specifications. 

11. I have suggested DELHI as being a central point for India and 
also because the P. AY. D. of that province have already a wealth of 
information available which could very easily be related to results obtained 
on the Test Track Moreover, if these suggestions arc ever adopted the 
Hoad Institute <or Board or Association or whatever you like to call it 
must have a headquarters somewhere, and where better than in DELHI, 
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■where, presumably, further Road Congresses will assemble annually. For 
"this first stage, I would suggest earmarking Rs. 1 lakh to include the 
•cost of Tests of all standard specifications now being used in Delhi. 

12. 2nd Stage : Establish similar Test Tracks in centres most repre- 
sentative of climatic conditions over the area they will serve, and to 
which cartage of aggregates, etc., from outlying districts would be con- 
venient. 

You will notice that I do not suggest the establishment of further 
Laboratories. One central Laboratory should be ample for India, firstly, 
as the conveyance of samples, etc., is cheap and, secondly, because a 
really well trained Chemist would be an expensive item of the yearly 
.budget.' 

13. An Indian Test Track. — I am not going to attempt to design a 

track myself, but would outline an idea that might be worth development. 
Again, taking the five points mentioned before as accepted modifications : 

(1) Have the actual Test. Track 8' wide — the soling and metalling 

to be 10', say 600' long or approx. 5,000 sq. ft. of testing area. 
Have two corners of 25' radius and two of 50' radius. 

(2) Use light rails mounted on concrete pillars as Guide rails, 

spaced say 12' apart. 

{3) Construct a light 4-wheeled trolly to run on these, rails (Gauge 
12') carrying an electric motor of sufficient power — say 10 
h. p. to propel the back half of a lorry at. 20-25 m. p. h. 

.(4) Mount the motor (which will take power from an overhead wire) 
on a platform free to slide transversely on the trolly platform. 
Connect this platform through n link and eccentric to the 
trolly wheels so that the whole platform slides IS" sa^ , 
every 20' of forward motion. 

■(5) Connect to the platforni carrying the 10 h. p. motor, the back 
end of a lorry chassis, with a drive from the electric motor 
through the gear box to the carden shaft. 

(6) Fix a connection for the bullock cart or carts on the lorry so 

that it or they can be towed behind with one wheel running 
in the track of the lorry wheel. If bullock carts of 2' 4' trnck 
arc used (allowing a 4' 8" track for the lorry), the other wheel 
can ride in between the tracks made by the lorry wheels. 

(7) The bullock carts’ can be made easily detachable so that they 

can be removed and mnn-handlcd off the track when the lorry 
test is in progress. 

(8) To accelerate tests it may be desirable to have two or more 

bullock carts suitably loaded and towed one behind the other 
to approximate the unfortunate condition we all know tev- 
well in India. 

14. The, operation of a Track on the above lines would be simplicity 
itself and the initial cost low.’* In action, the lorry would he on the track 
all the time, running for part .of the time, in top gear as a lorry proper 
at 20-25 m. p. h. without the bullock carts, and at other times, running 
in bottom gear, at 3 m. p.' h; "acting merely as the tractive force for tlie 
•train of bullock carts. A suitable factor could be introduced to relate 

u2 
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the number of revolutions of the lorry in the latter case to its nurnber- 
of revolutions as a lorry proper. Prom a Test Track on these lines, three- 
separate and distinct results would be obtained: — 

(1) Of lorry traffic alone, as on roads, where carts stick to the sides. 

and fast moving traffic holds the middle;' 

(2) Of mixed lorry and bullock cart traffic, as on roads where traffic- 

is distributed over the entire width; 

(3) Of bullock cart traffic under conditions, such as (1), showing 

what would happen to the sides of the road. 

15. The application is obvious. It may be found that a comparative! -r 
cheap specification could be used on the centre of the road and a more 
expensive for the sides. Even more exact data could be obtained by 
considering direction and load in the traffic census. Let us consider an 
actual example of working the Test Track in which it is desired to compare 
the respective merits of 3 or 4 different specifications on the approach-, 
road to a town. Assume the following data: — 


Width of road 
Bullock carts' 
Lorries 
Cars 


12 ’ 

300 per day. 
100 per day. 
80 per day. 


Test track carries a train of 8 bullock carts. 

Two cars equal one lorry. 

16. The specifications to be tested would be completed under the most: 
careful supervision on the Test Track, and the test fun continuously. The- 
relation between bullock carts and lorries is as 3: 1’4, but since we 
have a train of 3 bullock carts, the number of revolutions is reduced to 
the proportion of 1 : 1-4, or, in -other words, our bullock cart train must run 
1,000 revolutions to every 1,400 of the lorry proper. You will note that 
in the example I am omitting to take into consideration the revolutions 
of the lorry while proceeding at 3 m. p. b., as I very much doubt if this, 
factor need be included at all, 

17. Now the bullock cart train runs at approximately 3 m. p. h., or 
soy, 27 revolutions per hour, while our lorry runs at 20-25 m. p. h. f or 
say, 200 revolutions per hour. A typical start of the test would be to run 
the lorry for one hour and the bullock cart train for 5 hours. Slight 
adjustments in this schedule would be necessary as the test proceeds to 
keep the relationship constant. Let us assume that the tracks made 
measure an average of 2' in width, and that for any particular specification 
we get the following results : — 

(1) The cart track requires maintenance first at 10,000 revolutions 

of the cart (during which timo tile lorry has done 14,000 revo- 
lutions) ; 

(2) The lorry-cuw-cart track requires maintenance at 15.000 

revolutions of the' cart and 21,0p0 of the lorry; 

(3) The lorry track is intact pt the end of this period. 

lb. To interpret thssb results it - is easy to .calculate that in the case- 
\ ’ an , require ■ maintenance for tile bullock cart track- 

Hu the a ox 100 days if the carts track 'fti-'o ’. 'd the othor. Of course, 




GENERAL LAYOUT OF THE BANDOENG TEST TRACK SHOWING THE BULLOCK CART ON THE LEFT AND 
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•this expectation of life must be amended by any factor found necessary 
between actual and test track results, vide my mention of co-relative 
tests. . ■ 

19. If bullock carts are distributed over the whole width of the road, 
■however, and their tracks mix with the lorry tracks, we have result (2)| 
•but distributed over 12' instead of 2', so that the expectation of life without 
maintenance is 6x150 days = 900 days. We know also, that if the cartB 
.track one behind the other, probably on one side as is frequently the case, 
we can expect the rest of the road to stand up without maintenance for 
-.900 days, but that the sides will have to be constantly repaired. From 
.the information we may find that it would be more economical to uBe a 
heavier specification, or, possibly, widen the road to 18' and put in a 
heavier specification track 6' wide on one side for bulloclc carts going into 
the town heavily loaded. Anyway, the point is that data of this kind 
would be a very real help to any Engineer engaged in the designing of 
roads. 

20. It is hardly necessary to mention that the possibilities are enormous. 
A test such as that described would take only a little over a month, cost 
-say Es. 5,000, and might well be the means of saving ten times that 
sum. Carried to its logical conclusion, I can envisage a scheme, such aB 
that briefly outlined will, in the course of a few years, reduce Road Cons- 
truction to very nearly an exact science. Charts can be prepared for 
different localities, aggregates and specifications in which percentages of 
carts to lorries are plotted against the expectation of life with and without 
maintenance per 100 vehicles per foot in width for different conditions of 
traffic. 
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DISCUSSION ON PAPER No. 13. 

Mr. U. D. N. M cares ( the Author) : Mr. Chairman and gentlemen. I 
have very little more to add to this paper but I would like to take this* 
opportunity to thank those of you who have written or spoken to meil 
offering suggestions. One suggestion is that the track as envisaged is too 
big. I pointed out in the paper somewhere that four tests are carried’ 
out simultaneously, and I think you .will agree that with a six hundred 
feet track and only 150 ft. for each test, it is not excessive. Another sug- 
gestion was that we should introduce gradients on the track. I do not 
think that is very feasible. (Applause). 

Chairman ( Mr . H. A. Hyde, M.C. ): Does any member wish to ask 
any question in connection with this paper or to offer any remarks? 

I should like to say myself that I think this idea of an experimental 
track might be of the greatest value and I think in connection with the 
Roads Congress a central experimenting station including a track of thiB 
nature should be seriously considered. As I think Mr. Mitchell suggested, 
we would exchange results of experiments and experiences; nearly every- 
body has made experiments with various types of roads, and if some of 
this experimenting were centralized, it might have the effect of saving a 
great deal of money. An experimental station for practical tests and a 
laboratory attached should I think be seriously considered by the Road 1 
Congress. Has Mr, Mitchell got any views on an experimental station 
of that nature to be started and financed from the Road Fund, instead of, 
as has been happening, giving out a certain amount of money to the Pro- 
vinces for purposes of experiment? Has anybody got any ideas on this 
point? 

Mr. A. W. H. Dean : One thing about the experimental work done in 
Delhi is that we saw things that had not been tested. If we had a test 
track, then definite figures would be of value. 

A Member: Is it proposed to introduce more than one test track? 

Mr. 0. H. Teuton: It seems desirable to have one for a dry country 
and one for a wet country where the humidity and high temperature can 
rapidly disintegrate most things including road surfacing materials. We- 
should therefore take into consideration the question of materials for use 
in earth roads. 

Chairman: That is an obvious disadvantage to having a test track: one 
test track could not very well introduce the climatic factor; but even so, 
1 should imagine that if a test track in Delhi for instance were used 
during the rains, during the hot weather or during the cold weather, one 
could obtain certain amount of variation even in a central place but not 
quite to the same extent as might be desirable. 

Mr. C. D. N. Meares ( the Author): The suggestion I had in my mind 
was that the first test track should be in Delhi so that we m ight get 
some idea from that as to the type and its usefulness and so on, and 
later on, if we find that there is money available, to establish one for 
each Province. That answers Mr. Teuton's question I think. 

^ Cl '^ Shaw: I think this is a most excellent idea if it is going 
to be done properly. If we are going to have a proper test track and 
laboratory, the work must be done properly and this will necessitate the 
co-operation of the chemist and physicist as well as engineer. It would 
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be no good telling us what the results are at Delhi unless an absolutely 
correct definition of the stone and the condition under which it is used 
are given. 

Mr. C. D. N. Meares (the Author ): I suggested, I think in connection 
with the test track, a central testing station and a laboratory for testing 
material as well. 

Mr. G. Reid Shaw: If we can have that, of course it would be most 
useful. 

Mr. D. Maojarlane : Might I suggest for what it is worth that if this 
test track is going to be run at all with or without a testing laboratory 
and chemists, it is essentially a thing that must be centralized by the 
Government of India. We would not get anywhere if we merely dis- 
cussed amongst ourselves what an excellent thing it would be and then 
we left it at that and hoped for the best. I would suggest to Mr. 
Mitchell not as Secretary of this Congress but as the Consulting Engineer 
(Bonds) that this Congress might pass a formal resolution that we should 
recommend to the Government of India that they themselves should start a 
research bureau more or less on the same lines as is I think done in the 
case of irrigation research. I do suggest for what it is worth that if we do 
pass a formal resolution, something might possibly come out of it. (Loud 
Applause.) 

Mr. K. G. Mitchell.: Mr. Chairman, I think we ought to be very 
grateful to Mr. Meares for bringing this to notice particularly at this 
juncture because we are now possibly in a position to go ahead with it. 
If this Congress is to come into being as we now all hope it will be and 
if it is to have committees for promoting research and intelligence, it 
will be possible for us to do a great deal in this way under your direction 
and advice. So long as we were somewhat isolated and had to correspond 
with each other through purely official agencies, that was not easy. The 
congress met this morning and amongst other things proposed is to 
appoint a technical committee to consider that are the most urgent ques- 
tions which will have to be taken up, to recommend on what subjects 
papers might be read at the next Congress, and generally to advise on 
future research and intelligence. Here you have proposals on the one 
hand and, on the other hand, you have a body which is eminently 
qualified to deal with them. My own ideas are nebulous at present, but I 
have had it in my mind for some time that, with the transfer of the 
agricultural research station from Pusa to Delhi, which is perhaps not 
very popular everywhere, it does give us an opportunity of having 
scientists here on the spot and possibly there is plenty of room and we 
can combine this test track with them and have a road research station 
in conjunction with the agricultural research station and you can see all 
the scientists who will be on that station and who will be of very great 
assistance to us in connection with a vast range of subjects including 
soils or earth roads and so on. I think if the congress will now pass a 
resolution saying that they consider it desirable that some kind of central 
research station including a test track and other equipment should be set 
up, it ought to be possible to do it in conjunction with the agricultural 
research station and I think that that will be a very suitable arrangement. 
As regards the Provinces subscribing,- possibly that would not be neces- 
sary at this stage because, as you know, the reserve in the Road Account 
was created- inter alia to provide funds for research and experiment and 
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I cnnnot conceive that Hint money could bo bolter applied than in having 
a research station if it is not too expensive and to carry out a programme 
of research directed by tlio advice of this Congress. (Loud Applause). 

Mr. D. Macfarlanc: If I understand Mr. Mitchell correctly, it means 
(hat his hand would bo strengthened if a Resolution to this effect is 
passed at this Congress. 

Mr. K. G. Mitchell then proposed the following resolution: 

“This Congress recommends to the Government of India that a Central 
Road Research Station including a test tract should be set up in Delhi 
•and be financed from the Central Reserve in the Road Account. The 
details and nil estimate of the initial and recurring cost to bo worked out 
by a technical sub-committee of the Congress”. 

Mr. 1). Mac fortune : I think we can get the sub-committee of the 
Congress to work out the details to-day. Wo should merely put forward 
the form of the resolution and leave it to Government to find the money. 

Mr. K. G. Mitchell : Wo have appointed a technical sub-committee of 
the congress and it seems to me that it is rather for that body to ndviso 
us how far we can igo. 

Mr. D. Macfarlanc: 1 thoroughly agree, with you on that point but I 
rather doubt their capacity to do so. You, as Secretary of the Congress, 
are in a better position to do this. 

Mr. S. S. Bharjat : Wo might indicate on what lines we want this 
track to be constructed. Wo might say about the different materials nnd 
also the different traffic conditions. All these points should be brought to 
their uotico when they consider the construction of this track. 

.Mr. K. G. Mitchell: It will all have to bo gone into very carefully nnd 
that is the renson why 1 wish to get the assistance of the" technical sub- 
committee. 

Mr. S. S. Bliaijai : That is exactly my point. The sub-committee 
would probably bo more nblo to help on those points and then the Gov- 
ernment of India can get on to the job. 

Mr. K. G. Mitchell : This is a matter of great importance. Actually 
the Provisional Committee this morning lias appointed a sub-committee 
which consists largely of people who are not too far from Delhi so thnt 
they can meet fairly easily. It will not- he a question of postponing it. We 
had better leave the Resolution like this : 

“This Congress recommends to the Government of India that a 
Central Road Research Station including a test track should be set up in 
.Delhi and be financed from the Central Reserve in the Road Account. 41 

Mr. D. Macfarlanc: Wo had better not throw cold water on the efforts 
of the sub-committee. If they can get down to any concrete proposals so 
much the better. A speaker said this morning thnt he did not quite see 
where this Congress was getting at. Here is an opportunity of getting 
at something definite nnd concrete. 

The Chairtnan put the Resolution which was passed with acclamation. 

Mr. K. G. Mitchell: We would like to discuss the constitution of the 
future Committee at half past two to-morrow and we shall then finish. 

The Congress then adjourned till 10 a.m. on Thursdnv, the 13th Decem- 
ber 1934. 
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Fourth Day: Thursday, December 13th, 1934. 

The Congress reassembled at 10 \.M., Mr. O. H. Teulon, Chief Engi- 
neer, Public Works Department, Burma, in the Chair. 

Chairman : Gentlemen, it has been decided to take up papers Nob. 7, 8 
and 9 together. I would therefore ask Mr. Greening kindly to introduce his 
paper No. 7. 

The following paper was then submitted for discussion. 
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(Paper No. 7.) 

THE USE OF CEMENT FOR THE CONSTRUCTION OF ROADS 
IN THE BOMBAY PRESIDENCY 

BY 

L. E. Greening, Executive Engineer, Bombay. 

1. The advantages of cement as a material in the construction of roads 
has been recognized by the Public Works Department ’of the Bombay Presi- 
dency, but its use has been, by reason of financial stringency, restricted, and 
as a result such, construction is largely in the experimental stage. The roads- 
of the Bombay Presidency in the charge of the Public Works Department 
are for the most part in open country, connecting one large town with another, 
passing through scattered villages only. The portions through the large- 
towns and the subsidiary roads therein do not normally come within the- 
province of the Public Works Department, but within that of the Munici- 
palities concerned. 

2. In 1930, an experimental length of cement macadam road was con- 
structed on the Poona -Nasik Road in the Nasik Division. The method of' 
construction was the "Sandwich” method in which a layer of trap road- 
metal was first laid loosely to a depth of 2J inches, true to longitudinal grade 
and oamber, and lightly consolidated by means of a road roller of 10 tons- 
weight. Upon this initial layer of road metal, dry mortar consisting of one- 
part of cement to two parts of sand by measurement, was laid to a depth 
of inches. Over this a final layer of road metal was then laid to a depth- 
of 2J inches, after which the surface was lightly watered at a rate of approxi- 
mately 35 to 50 gallons of water per 100 square feet, the quantity varying- 
with the atmospheric temperature at the time of application. The surface 
was then consolidated with a road roller, until the mortar appeared on the- 
surface, having filled the voids in the road metal, so as to form a homogeneous- 
material. On the completion of the rolling, the surface was lightly tamped 
by means of a heavy wooden screed in order to remove any inequalities, 
and then cured under water for a period of 14 days, after which a further 
period of 7 days was allowed to elapse before the road was opened to traffic. 
This type of construction cannot be said, however, to have been a success. 
Soon after completion several longitudinal and transverse cracks made their 
appearance and had to be treated with hot bitumen. Later, the surface 
commenced to disintegrate in places, where presumably the mortar had not 
permeated thoroughly the layers of road metal. No expansion joints were 
at first provided but later these were found to be necessary and were provided 
as a means of prevention of transverse cracks. Considerable trouble was 
encountered at the joints because the roller could not be used for consolida- 
tion in their immediate vicinity and thus this important function had of 
necessity to be performed by means of hand rammers. A possible solution 
of this difficulty lies in the formation in advance of cement concrete bars- 
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of Bay 9 inches in -width at those distances at which joints were to occcur 
and to allow them to set sufficiently hard to carry a road roller across them* 
The cost of the cement macadam roadway in question amounted to Us. 2-9-0' 
for one square yard of finished surface, for which area the quantity of cement 
used was approximately 50 lbs. 

,3. For the purpose of comparison a true cement concerete roadway 
was laid on the same road in 1931. This consisted of three widths each of 
nine feet, the total width of roadway thus being 27 feet. The section of each 
•width or slab was of the dimensions 6 inches at the edges, reducing to 4 inches 
for the central two feet, and each slab was laid in lengths of 35 feet, quite 
independently, on the strip method. Transverse joints were provided, a 
premoulded bitumen filler of 3/8 inch thickness being used for this purpose. 
No longitudinal joints were used, each concrete strip butting against the 
other. The roadway, the cost of which was Rs. 5-5-0 per square yard, has 
been bo far entirely successful. The proportions of the concrete were 1:2: 
3 and gave, on test, an average crushing strength at the age of 28 days 
of 440 tons per square foot. 

4. Early in 1933, on the Poona-Alimednagar Road in the Poona Division 
a short length of roadway was laid composed of side widths of cement concrete 
0 feet wide and 6 inches thick, and a central width of 7 feot 6 inches of bitu- 
minous (grouted) macadam. The object was to provide a cement concrete 
track on each side for slow moving bullock cart traffic, and a central width 
for the passage of fast moving traffic. Owing to the short length of time 
during which the road has been subjected to actual traffic conditions, no 
definite opinion can as yet be given as to the degree of success attained. The 
cement concrete side strips had a uniform thickness of six inches, and were 
laid in lengths of 40 feet. Expansion joints of the prc-moulded bitumen 
type w r ere provided and also three steel dowel rods were inserted at the joints 
each having a length of 4 feet and a diameter of $ inches. 

6. In the three types of roadway described, the cement used was manu- 
factured in India, and complied in all respects even the requirements of the 
British Standard Specification. 

6. There are, it is considered, two factors tending to militate against 
the more general use of cement in road construction in the Bombay Presi- 
dency, the one, being its comparatively high initial cost, and the other, the 
essential need of construction by somewhat highly skilled labour. As regards 
the first, the present unfortunate financial position operates adversely and 
in the second case, the labour which ha 3 of necessity to bo employed is of a 
low order, requiring constant and detailed supervision. Further, the volume 
of traffic other than in towns and large villages is not such as to warrant 
auch comparatively costly construction. 

The problem of the slippery surface has not so far arisen to such an 
extent as in other countries due posssibly to climate and to absence of 
intense traffic conditions, certainly no complaints on this score have so far 
been made by users of the highways of the Bombay Presidency. 
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Mr. L. E. Greening ( the Author ): Mr. Chairman and gentlemen, I have 
very little to add to my short description of the use of cement in road 
•construction in the Bombay President. Two types of construction were 
-employed that is cement macadam and cement concrete. The cement 
macadam was laid for a length of one mile and was not a success. In this 
respect, I might mention that a similar length was laid shortly afterwards 
in the Poona division. They no doubt profited by the length we laid down 
originally and this has shown far better results. The length of true cement 
concrete has been, so far as I am aware since I left the Nasik division in 
1931, entirely successful. The second length of true cement concrete 
referred to in the paper now before you follows generally a similar type 
of construction to that of a trackway or crete way in the Lyallpur district 
which we were recently privileged to inspect. In this case, however, the 
•concrete strips were of a width of 6 feet and were laid directly on to the 
•original water bound macadam road after it had been resectioned, such 
resectioning being necessary to ensure that the concrete strips had a uni- 
form bearing which I might emphasise as being an essential factor in con- 
•crete road construction. The central portion between the concrete strips 
•was laid in asphalt grouted macadam. That is all I have to say. 

Chairman : Will Mr. Turnbull please introduce his paper No. 8. 

The following paper was submitted for discussion. 
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( Paper A'o. <s\) 

CEMENT CONCRETE ROADR 

BY 

TF. J. Turnbull, B.Sc., M.Inst.C.B. 

(The Concrete Association of India.) 

Owing to the urgency of the demand for roads to meet existing traffic- 
requirements, research has lagged behind construction, and many concrete 
roads have been laid 'without a full knowledge of the many factors affect- 
ing the design. However to-day we can say that our knowledge of these 
factors has reached the stage when we can design with assurance a road 
which will meet the exigencies of modem traffic at least. 

2. As in every other problem of structural design, the designing of a, 
concrete road resolves itself into first, a decision as to the forces which 
will act on it, and second an economical design of a concrete slab that 
will resist these forces. With our present knowledge of concrete, the 
second is fairly straight forward. The first, or estimation of the forces 
which will act on the road, is much more difficult, and this difficulty is 
due to the lack of uniformity in the sub-grade. 


The subgradc. 

3. The subgrade may be defined as the natural foundation upon winch' 
the concrete slab and its loads are carried, as for example, virgin soil. 
A base on the other hand is an artificial foundation such ns an old water- 
bound maeadom road. To design a concrete road slab economically we 
must assume that it is supported to a certnin extent by the subgrade or 
base. By experience wo know that the character and condition of the 
subgrade affects the behaviour of any type of road surface, and thus it 
can be seen that a knowledge of the properties of the materials which 
comprise the subgrade is of vital importance. A great deal of research 
has been earned out recently on subgrndo materials, and engineers can 
now make a more intelligent estimate of the foundation conditions for 
the concrete road slab which they propose to construct. 

4- One of the most important characteristics of all subgrnde materials 
is the tendency to change in volume under’ a change in moisture condi- 
tion. Oci’tain clays mav change as much as 60 per cent or more. Sandy 
soils change least of all. Moisture conditions under a concrete road slab 
are not uniform, the moisture content near the edge is usually different 
from that in the centre. It can thus be seen that with a soil whose- 
volume change is large there will be uneven support and probably no 
support at all under the edges of the slab. It is desirable therefore to 
.have as a subgrade a material whose volume change is small. 

6. If subgrade materials can be kept relatively dry little trouble will 
be experienced; those soils which are difficult to drain represent one of 
the main problems of the Road Engineer. It is the moisture in the soil 



218 


immediately under the concrete slab which concerns us most, and this 
moisture may enter the subgrade in many ways such as: — 


1. Surface water which is not properly cared for and slips in 

through the craclcs and joints of the concrete slab and around 
the edges. 

2. Capillary action of the material itself which is continually draw- 

ing in moisture from the surrounding soil. 

3. Porous strata often exist which periodically become water bearing 

and carry water into the subgrade, and if no exit is provided 
it collects and a bad subgrade condition results. 

With a subgrade which decreases in stability as the moisture increases 
precautions must be talcen to keep the moisture content low or if possible 
to change the character of the material. 

6. The experience gained in increasing the stability of earth roads 
over the same location will generally be useful in maintaining the stabi- 
lity of the subgrade. There is therefore much to be said in favour of 
gradually building ‘up a highway system from the simple earth road, as 
this type when improved and stabilised will provide an excellent subgrade 
when traffic demands are such that a more permanent type of road 
surface is required. The most common methods of improving a bad 
.subgrade are: — 


1. Placing a layer of granular materials immediately under the 

concrete slab. 

2. Mixing other materials with the subgrade soil. 

3. Increasing the depth of the side ditches. 

4. Placing drains along the* sides of the concrete slab and parallel 

to it. 

5. Proper drainage of all porous strata which mnv become a water 

bearing. 


7. A layer of granular material immediately under the slab is usually 
quite economical and easy to apply. This porous layer must however be 
provided with proper drainage otherwise it will simply collect moisture 
and the bad condition will merely bo aggravated. The' materials that are 
usually mixed with unstable subgrades are sand, gravel, crushed stone 
slag, or cinders— the aim being to alter trie characteristics of the subm-ade 
material so that it null have a low volume change and improved support- 
ing power. 8 * * 1 1 


8. These materials may be used as a separate layer between the 
-concrete and the soil or harrowed into the subgrade to form a separate 
.crust. Increasing the depth of the side ditches will facilitate the dramas 
-oi the surface run off especially during the wet weather. Drains along 

uie edge of the road slab will prevent surface water from enlemi" the 

SS?' • Tb %P roblem of n subgrade may possibly be met by 

but is — * ~ 
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9. The one thing to keep continually in mind is that the subgrade 
nhould support the slab UNIFORMLY. No matter how yielding the soil, if 
‘it supports the slab evenly it will not cause cracking. If a very hard soil 
is left in ridgeB of compacted earth separated by softer material, cracks 
•are inevitable. Concrete roads traversing swamps, for example, have 
•surprised everyone by the absence of cracking, while similar pavements 
■built over old, compacted, macadam or gravel have been disfigured by a 
■network of cracks. The explanation is simple. The soft, swampy soil 
■supports the slab much as water supports a boat and there is no exces- 
sive bending; the hard ridges of macadam, interspersed by softer material, 
used to fill in depressions support the slab like the knife edges of a testing 
machine. Heavy loads cause excessive bending and the slab ultimately 
cracks over the ridge. Usually the crown of an old macadam or gravel 
road is greater than is required „ for concrete, it is therefore scraped off 
and used to widen the subgrade, leaving a solid ridge of old metal on the 
.quarter points, a loosened center section and edges made- of the newly 
.rolled material which was scraped from the center joint. 

10. The remedy is to loosen the old material until the full width of 
the subgrade, is UNIFORMLY .SOFT, then roll it until it is uniformly hard. 
The principal value of the roller is to smooth out lumps, discover soft 
places, and consolidate embankments as they are being built up. A light 
>roller will do this as well as a heavy one; most engineers prefer one 
weighing 6 tons or less. A heavy roller compresses some types of soil 
too much, so that they swell while the concrete is hardening, causing 
■cracking. 


A consideration of the concrctc-in the slab. 

11. Before a concrete road slab can be economically designed it is 
•necossnry to have as full a knowledge ns possible of the properties and 
■characteristics of this structural material. In the case of steel wo have 
•bad this full knowledge for many years, but it is only recently that 
concrete design lias been brought into line with steel. 

12. Let us follow the behaviour of u Portland (Vu.ent Concrete road 
slab from the time it is placed on the subgrade until after the road is 
■opened and operated under traffic. Almost as soon as the concrete is 
placed it begins to harden or set. It lias little strength yet, even at 
.this stage it is subject to certain stresses. The surface begins to dry 
and this is assisted by wind or hot dry weather. This loss of moisture 
produces shrinkage and the concrete has so far insufficient strength to 
resist this. Hah cracks will quickly appear, and to counteract this the 
surface of the concrete must be kept moist from the earliest possiblo 
.moment and kept in this condition until such time ns the material lias 
.attained sufficient strength to resist- these stresses. The subgrade 
may also be the cause of a certain amount of loss of moisture from the 
underside of the slab. This also Jins the effect of causing shrinkage in 
•the concrete and incidentally may cause a ' considerable change in the 
volume of the soil with a resultant strain iu the slab. To counteract 
tliis tarred paper over tb® subgrnde has been used with considerable 
•success and is now common practice in England. 

13. Tt is important therefore to have the subgrado thoroughly moist 
when the concrete is laid so that thoro will bo no tendency to draw the 
■moisture from the concrete. "When shrinkage of tho concrete occurs 
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capable of transferring the load is used, otherwise there would have to 
he a provision for increasing the strength of the interior edge of the 
half slab. For example, a concrete mixture designed for a compressive 
strength at 28 days of 3,000 lbs. per sq. inch would have a modulus 
of rupture of 250 lbs. per sq. inch. 


TRAFFIC WEIGHT CAPACITy nF-7-e- 9-10 ihcH EDGE 
THICKNESS CONCRETE PAVEMENTS BASED ON 
modulus or rupture. . 


Formula, 

Modulus orjiuPTime 
COMPUTED BY SOLVING FOR S"lN FORMULA. 

a*r*o«KnHICKMG«S, 

W« nAtlMUk VfHSKL LOADS, 

5* ALLOWABLE 1/OTtKI Ha f EHCILC XrKCHGTH 1H 
coticacit which SHOutn hot eyecto SOT. 
cm Monuuus of auptunc. '* 



10. Fatigue. — Tests carried out to determine .how great a load con- 
crete would carry before repeated applications would cause failures 
indicate that loads over 55 per cent, of the single load which would 
cause failure would break concrete if they were repeated several thousand 
times. This possibility of fatigue therefore, makes it necessary to reduce 
the allowable fibre stress to one half that which will cause failure if 
applied only once. Provision for usual impact requires about the same 
reduction in the working fibre stress. Since however impact and 
fatigue do not often operate concurrently and the road slab increases in 
strength with age before the many applications of loads required to 
produce fatigue could lie applied, a factor of safety of two is considered 
sufficient to cover both possibilities, and the fibre stress is taken ns half 
the expected ultimate modulus of rupture. 

20. Transveree Strength . — The transverse strength of granular brittle 
materials like mortars and concretes is best expressed by the modulus ot 
Rupture. The modulus of rupture is the apparent stress in the extreme 
fibre of a transverse test specimen under tho load which producos rupture. 

o 




222 


Jt *f I v e ^‘ J. io. a# j 

5loduIu8 of rupture =s J>EL ru ^e 

StJfc-"** fibre 

formula, however S re f Its are not n^V;? , to ^pture t that th e 

siinilai* ttiaWin? 1 ^'bea the M effected by ^ ii»e • *-bQ' comparo, 

are ver? n ? ' because the e eoiM pared are mn i 8 U1£lccu rncy of t), 

5ms? EE&jtSr 'sPr***! 

r^SS? 

/ n ensi 0 strength n? ar or concrete l! 1 °T Ssive strenSb ° rfcar or 

«»«. ut-w- ^vxr,,**. ia*sa « 

. 2U. **,, _ leme f3bre considernwf Si Z'' ever - 

lvi *b changes ir Coa ? ret e bir 0 most mi J eds tJle 

accentor? J n rnoistum ' other maForinJ- . 


the snK ' { i J P°sea bv . lls eif 0 v G r ti i,r given f n ,. lJes « 

£ "° “taSLStoS S-X® tains, '°“' S °' «*£ 

1 «ie concrete +i, cr oclrs ™-i/l #„ ansv «se ] 0 ; n/ . c . 

*» jo5‘ jAavap*' «" “C“"‘ ° ( SJ&- At 

be pushed with So „ 1n t )s amount ,1,* ,° ne inch if 

'filing on £ i the Joint unde C0,11 P*'essibl e , . d ij e allowed i,an<J red 

of 30 to 35 Z^test day* ” S' Assure hi/ at Z riaI P^l ' ^Pnn- 



•2'4. -Transverse joints should never be staggered unless adjacent slabs 
are completely -separated by longitudinal joints containing expansion 
material so that independent longitudinal movement is assured. Lon«i- 
'•tudinal joints are put in to -prevent longitudinal cracking. This cracking 
may be caused by the warping of the slab or by subgrade heaving 
or settlement. Experience indicates that all 2-lane' pavements should 
'be so divided. For wider streets longitudinal joints should divide 
-the pavement into slabs not more than 15 feet wide. If only 
one joint is needed it is located on the centre line. If more 
joints are needed they should be located where they will receive the least 
wear from wheels which run along them. 

25. Longitudinal Consirurlinn Joints. — .There are several varieties of 
these and opinions differ ns to the efficiency of each. The tongue and 
•groove construction is very common in America but it is only "suitable 
where the thickness of the slab is 8" or more. Steel dowels are frequently 
used to transfer the load across the joint.. The length of these dowels 
is usually 4 feet and V' diameter and placed in the centre of the slabs at 
5 feet centres. Another method is to thicken the edges of the slabs at 
-the centre longitudinal joint making each strip a separate unit. 

20. Transverse Expansion Joints. — Dowel bars are put across transverse 
expansion joints to prevent unequal heaving and to transmit loads from 
-olio slab to its neighbour. Dowels should he bonded in one slab but 
have the bond broken in the other by being enated with paint paper or 
heavy grease There should also be space left at the greased end into 
which the bar enn slide. Both these precautions must In- carefully 

• observed to prevent severe damage at every joint. If tlm bend is not 
broken or no space is lift at the end of the bar, then the bar will bend 
under the thrust of the expanding concrete, lift one. slab and probably 

•shatter the concrete. The space at the end may he formed by placing 
on the end of the bar a ball of compressible material, a metal cylinder, 
•or anything else into which the bar can push, ft should lie about twice 
as deep as the width of the expansion joint. 

27. The material used to break the bond between the don els and 

• concrete should not be too heavy, for if the bar fits into Hie com. retv too 

• loosely, one slab may be carrying maximum stress before the bar 
'•transmits much load to the other slab. A coating of form oil <>r lionv\ 
grease is sufficient. Dowels are supposed to transmit part of llu* load 
across the joint, but, since the amount of its bearing on the concrete 
cannot be determined, it. is impossible to figure what- diameter bars should 
have, to keep from crushing the concrete. Dowels must be smooth and 
are ordinarily ^ inch round bars placed in the centre of each slab. It has 
been customary to install dowels at 2-foot intervals. 

28. Reinforcement. — Opinions differ concerning the necessity for rein- 
forcement. There is prevalent an erroneous idea that reinEorccment is 
put in concrete pavement to increase its load-carrying capacity. That is 
not the case. To increase the beam strength of a pavement, steel would 
have tn be placed in two layers, one near the top mid the other near the, 
bottom, since critical tensile stresses may occur either in the bottom or 
top of the slab. And it would have to be used in much larger amounts 
than has over been considered feasible if it were to add appreciably to 
the pavement’s strength. Additional load-carrying capacity can be 
secured more cheaply with additional thickness of concrete than with 
•steel. Steel does, however, hold together any cracks that, form, whether 
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those cracks are due to temperature or to loads, and should therefore- 
prevent settlement and subsequent disintegration under increased impact.. 
This is steel’s only function in a concrete-pavement. 

Camber. 

29. Pavements are sloped from centre to sides so that water will drain, 
from them. The less the slope the safer and more Comfortable the pave- 
ment. Because concrete can be given a permanently even surface very 1 
little slope, or camber, is required to make concrete pavements drain. A 
camber of inch per foot of width from centre to gutter is sufficient for- 
cduntrv roads but 3/16 inch is better for streets. No concrete pavement, 
should be cambered more than J inch per foot except where the slab is 
warped to fit between gutters of unequal elevation or to vary curb expo- 
sures. In those places half an inch per foot is permissible, but should: 
not be used where it will cause cars, rounding a comer, to slide against: 
the lower curb. 

30. The section of a pavement may either be two planes or a curve. 
For the flat slopes used on concrete pavements the circular curve formula: 
and parabolic formula give identical results, and the parabolic curve is.- 
much easier to design. The simplest way to apply the parabolic equation: 
to pavement crowns is to divide the distance from the apex of the crowns 
to the curb (or gutter, if the gutter is already in place) into equal spaces. . 
Then if the total fall to the gutter is “y” inches, the fall to a point one- 
fourth the distance to the gutter is (J) 2 y inches, to a point one-half the • 
distance to the gutter is (4) 2 y inches and three-fourths the distance to> 
the gutter is (f) z y inches. 

The construction of concrete roads. 

31. Materials Suitable for Concrete Roads. — The same qualities which > 
characterize good aggregate that is, sand and stone for other types of' 
concrete construction are desirable in aggregate for roads. These are: 
Cleanness, hardness, toughness, loio absorption, non-glassy surfaces and - . 
cubical shape. Some of these qualities are even more important for- 
concrete roads than for any other types of concrete. Cleanness, for- 
example, is important because any dirt in the aggregate is likely to come- 
to the surface .of the slab and form a weak, porous, Boft layer .called 1 
“laitance” which scales off easily, leaving an unsightly rough-riding pave- 

' ment. It is usually necessary to wash any sand, or gravel before they- 
are used and crushed stone should be free from dust and dirt. 

32. Mixing Concrete. — Time is the most important factor in mixing. 
Concrete of the quality common in roads is from 20 to 35 per cent, 
stronger when mixed two minutes than when mixed only 15 seconds. This- 
is largely due to the increased workability secured with longer mixing 
and the possible decrease in the quantity of mixing water. Thorough 
mixing increases the uniformity of concrete. In tests to determine the- 
effect- of mixing time, specimens mixed for only 15 seconds showed an- 
average variation from the average strength of 30 per cent., while those- 
made of concrete mixed two minutes varied less than 10 per cent. 
Another advantage of thorough mixing is that it is of great assistance in- 
securing watertight concrete. The speed of rotation of the mixer has-: 
little to do with thorough mixing within the commonly accepted limits 
of from 12 to 20 revolutions per minute. One minute should be absolute- 
minimum mixing time. 



33- Placing Concrete . — There are a lew general precautions to he 
'observed when placing concrete. Workmen should not track dust or mud 
into it nor should the subgradc be sprinkled in such a way that dust is 
thrown into the exposed edge of the slab. Workmen should not be 
•allowed to roam around in the concrete alter it has been struck off. 
Footmarks are usually filled with mortar largely composed of laitance and 
■often show as depressions alter n few years’ wear. Whenever the mixer 
is shut down long enough for the concrete to commence hardening, a 
•square butt joint should be made. Otherwise a sloping line of weakness 
will be loft which may push up under the thrust of expansion or crack 
-as the slab contracts. Even when the mixer is stopped for only 10 or 
15 minutes the new and old concrete should be thoroughly sliced together 
•with shovels to make suro that no cleavage plane is left. It is advisable 
to use concrete a little deficient in coarse material next to joints at noon 
atid night stops. This is especially true of the first hatch mixed in the 
morning, for some of its morfar painfs the mixer drum and porous concrete 
Is especially objectionable at joints. 

34. Joints. — There is one thing of paramount importance in joint 
construction, that is to have the joint truly perpendicular to the surface 
■of the pavement. If it is not perpendicular the pressure of expansion 
will cause one slab to slide on the sloping end of the other. J'oints should 
run straight, across the pavement if they aro to look well and it is import- 
ant that the filler he continuous from one edge of the slab to the other, 
ior if even a small wedge of concrete spans the joint, spalling or cracking 
•will probably follow. Expansion joints are usually made by installing 
premoulded filler just before the concrete is placed. The filler is held 
--upright by a bulkhead staked in position. Metal bulkheads nre better 
-.than plank because they are thin and easily removed without pushing the 
filler out of line. 

35. "Poured joints” nre sometimes preferred. When they are used 
.a slightly wedge-shaped bulkhead is left in the slab when the pavement 
is finished. After the concrete has hardened enough so that it will not 
.-flow, the bulkhead is removed. The joint is completed hv first cleaning 
the crevice with a pointed hook and then filling with hot bitumen. The 
-chief advantage is that the stiff bulkhead is more easily held in the 
proper position. The joint may be inspected before it is filled and if jt 
is not perpendicular to the surface the installation methods can be 
changed so that future joints will be right — on inspection which is nearly 
impossible with ihe premoulded type'. There is some danger, however, 
•of cracking the concrete a foot or two from the joint when the bulkhead 
is lifted, and if the bulkhead is pulled too late and the edges of slab are 
disturbed after hardening has progressed too fur, the disturbed sections 
•may later break looso from the slab. 

30. To insure continuous expansion space from edge to edge, the 
filler should cither bo in one piece of the proper length or shorter pieces 
should be fastened securely end to end with clips. A -J inch expansion 
joint should bo left around all munhole covers, poles, or other structures 
which protrude through the pavement. Some movement of the slnb is 
•certain to take place, and, unless allowance is made for these rigid 
structures, the pavement will be cracked. A piece of premoulded joint 
filler, held in place with a strand of wire, is the best. The dummy joint 
is a weakened plane made by cutting through the top 2 or 3 inches of the 
•slab. The cutting tools may bo the web of a ”T” bar 10 or 12 feet 
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long, fastened to a plank for stiffness and provided with plow Handle*,, 
or it may be a sharp-edged wheel which is run along a straight edge. 

3<". Finishing . — So far as public approval goes, a, smooth-ridmg finish 
is the most important feature of a pavement. The average motorist 
knows nothing of the hours spent in testing materials, in design, or in 
securing the proper quality or quantity of slab ; alL he is interested is j 
“How smooth is it?" Finish also effects the life of a pavement, since a 
rough surface materially increases impact. A concrete pavement should 
not vary more than \ inch from a 10-foot straightedge laid parallel to the 
centre line. 

38. The finishing machine as used in America is usually followed by a. 
float from 12 to 16 or even 20 feet long, operated with its long axis 
parallel to the centre line of the pavement. It is made of plank about 3 
inches thick and 10 inches wide, stiffened by a plank set on edge, along- 
the top and provided with handles at each end. This longitudinal float,, 
as it is called, is handled by two men, one at each end, who stand on 
bridges spanning the pavement. It is laid on the pavement at one edge- 
and pulled towards the other edge with a wiping motion, levelling trans- 
verse ridges and other high spots and filling depressions. 

39. The longitudinal float is an efficient tool for getting a smooth- 
riding surface because it operates at right angles to the screeds or belts. 
If .the latter tools leave ridges, they are at right angles to the wheels or- 
vehicles and so give those vehicles the maximum of bump. The longitu- 
dinal float eliminates those ridges, and any ridges it leaves are parallel to- 
the wheel tracks and do not produce bumps. Following the longitudinal 
floating- excess mortar and laitance are scraped from the surface with a 
straightedge mounted on a long handle. That is done to remove the- 
thin layer of mortar that sometimes covers the more dense concrete, 
because it is that layer which is likely to scale off. Scraping also removes- 
the small corrugations not detected by the straightedge and produces a- 
smoother-riding pavement. In India this is usually done by drawing a. 
gunny bag transversely across the slab. 

40. The next operation is testing the surface by means of a straight. 
A straightedge about 10 feet long mounted on a long handle is held so 
that it barely touches the concrete. This is done at intervals of 3 or 4 feet 
transversely with the straightedge parallel to the centre line. Successive 
straiglitedging should overlap by \ the length of the straightedge. Any 
high spots discovered are removed and low spots filled. Disturbed places- 
are smoothed with a long-handled float and the surface is again straight- 
edged to see that it is now uniformly even. 

41. The final finishing operation is belting, which should be done after 

the water sheen has disappeared from the concrete. A belt of rubber, 
fabric, or a thin board, about 10 inches wide and 2 feet longer than the- 
width of the pavement, is laid on the pavement transversely and dragged 
forward with a sawing motion. The object of belting is the" even distribu- 
tion of the surface mortar and the production of granular, gritty surface- 
that tyres can grip firmly. A final finish is sometimes given bv dr a "gin" 
a strip of canvas, about 3 feet wide, over the surface. That gives a°very 
even, gritty surface and is highly recommended. Sometimes the surface 
is broken up into tiny ridges by brooming. An ordinarv street broom, 
with medium coarse fibres, is attached to a long handle. ‘ After the other 
finishing operations are completed this broom is dragged lightlv from, 
centre to sides of the slab. , ' • ° 6 ~ * 



42. Hand Finishing. — Hand finishing is like machine finishing except 
that the striking off and consolidating arc done with hand screeds. These 
are of wood or metal, shaped to the crown of the pavement, shod with 
steal on the lower face and having plow handles on each end. They are 
usually specified to weigh at least 15 pounds per lineal foot and must be 
constructed so that they will nob sag. 

Summary oj finishing operations. 

43. Machine Finishing — 

' 1. Screed and compress. 

. 2. Longitudinal float or belting. 

3. Scrape. 

4. Straightedge 
Correct surface 

Float disturbed places. 

5. Belt. 

Hand Finishing — 

1. Screed. 

2. Tamp. 

3. Longitudinal float or hand float or belting. 

4. Scrape. 

5. Straightedge 
Correct surface 
Float disturbed places. 

6. Belt. 

Too much tamping or any over-finishing which brings much mortar to- 
the surface, seems to be responsible for most of the surface scaling, and 
should be guarded against. 

44. The above finishing operations are those in vogue in other countries. 
In India however the number of operations is reduced and consists usually 
of: — 

1. Tamping which includes a certain amount of screeding. 

2. Floating with a short wooden hand float. 

3. Drawing a gunny bag lightly across the surface to remove the 

, superfluous moisture, 

45. High joints arc n frequent source of annoyance. Every exposed 
joint should be finished with a float, split in the middle to form a space 
for ilie joint filler so that the concrete on both sides of the joint can be 
finished simultaneously. Then it should bo carefully checked with a 
straightedge notched in the centre to form a space for protruding joint 
filler. All edges of the slab, including both longitudinal and transverse 
joints, should be rounded with an edger having a radius of | inch. 

46. Sometimes the slab is also straightedged the morning aftor it is 
laid and any high spots discovered are reduced by rubbing witli a carbor- 
undum stone. Rubbed spots do not look well but rubbing docs not damage 
the slab. Its chiof value is ns a penalty to malic contractors enroful to- 
get the surface right before the concrete hardens. 
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47. Curing . — Curing is the treatment or protection given concrete dur- 
ing the hardening period. Pavements are either air-cured, water-cured 
cured with calcium chloride or a surface coating of some waterproof 
material which prevents evaporation. When concrete is mixed it contains 
sufficient water to hydrate the cement. As soon as it leaves the mixer it 
begins to lose moisture by evaporation and absorption. In hot, dry, 
windy weather the comparatively thin slabs used in paving dry out very 
rapidly. This drying has two effects: (1), There is left insufficient mois- 
ture to complete the hydration of the cement and (2), the concrete shrinlcs 
as it dries and tensile stresses are set up while the concrete is too weak to 
withstand them. The result is a concrete whose strength is only 70 or 
'80 per cent, of what it would be if it had been kept wet, and a slab 
which is excessively hair cracked. When to this drying is added the action 
•of a summer sun, there is produced a chalky, weak, porous surface layer 
whose resistance to wear is low. 


48. Whatever method of curing is provided, except bituminous coating, 
a layer of canvas or gunny bags should be put on the slab as soon ns it 
•can be done without marring the concrete. This should be kept wet by 
frequent sprinkling for several hours, until it can be replaced by the 
•approved curing agent. It is especially important to keep the pavement 
wet the first few days and the first few hours are most important of all. ‘ 
Strength lost by lack of moisture during the first few hours and days 
•jannot be regained by subsequent curing. 

49. Water curing is the surest and safest. The pavement is kept wet 
■during the early hardening period either by a blanket of earth, hay, straw, 
by ponds of water held on the surface bv small earth bunds, or by 
•continuous sprinkling. Two inches of earth or C inches of hay or straw are 
usually specified. These must be sprinkled frequently so that they keep 
the slab damp at all times. Hay and straw hold moisture longer than 
•eart . Sand is also satisfactory. Sprinkling is often more convenient 
than a wet covering for city streets. Intermittent sprinkling bv hand ’s 
not advisable because the pavement is then dry most of the time and is ' 
cooled too suddenly when sprinkling starts, but a system of automatic 

prmkleis winch keep the concrete wet continuously is satisfactory. A 
hot pavement should not be cooled suddenly bv the application of n 

° f • ** the rcs “ W “S oontaoMoa 


50. Several patented processes have recently been introduced utilizing a 
•thin coating of linseed oil or fluxed or emulsified asphalt to prevent* 
evaporation from the surface of a concrete pavement. These are applied 
with a paint spray immediately after the final finishing operation. Com- 
plete tests are advisable before they can be given unqualified approval. 



Mr. W. J. Turnbull (the Author): Mr. Chairman and gentlemen ‘in 
introducing my paper on concrete roiuls I have a few additional remark’s to 
make- which possibly mnv lead to s» certain amount of constructive discus- 
sion. 

It has been for many years the customary practice to thicken the 
longitudinal edges of concrete slabs in order to obtain a balanced design, 
-but in this connection I wish to quote an expression of opinion of an English 
authority who states as follows: — 

“Many of the earlier ideas on the design of concrete roads have 
' proved in practice to be fallacious. For instance, as a result 
of extensive tests it was recommended that the edges of road 
slabs should be 2 inches or 3 inches thicker than the remainder, 
with consequent complications in the excavation and shaping 
of the formation.” 

“It was claimed that the thickened edges would prevent corner breaks 
in strip construction, but the simpler procedure of using addi- 
tional reinforcement in the lop of the slab at corners and a 
tongue-and-grovo longitudinal joint has proved to be more 
effective and less costly. When roads are laid with longitu- 
dinal and transverse joints, it is found that corner breaks are 
minimised by inserting lop reinforcement for a width of 3 feet 
from the edges of the panels and overlapping this reinforce- 
ment at the corners so that the weight of steel is doubled in 
an area measuring 3 ft. by 3 ft. at each corner. A further 
precaution against comer cracks is to ensure that, the concrete 
is thoroughly rammed at the comers of the slabs, whevo 
normally this operation might not be so carefully carried out." 

The above opinion is, I think, purely a question of economy. In India, 
it is usually chenper to thicken the edges than to insert- reinforcement, but 
In cases where it is desired not to disturb ibo existing bnse, reinforcement 
•at the sides would be (lie obvious design. That is a question which might 
‘be discussed, I think. 

Another point is this. Many engineers not conversant with concrete 
.roads raise the objection that in the event of any irregular wear taking 
place such as shallow ruts, etc., it would be exceedingly difficult to make 
-the necessary repairs to bring the surface to its original level. It is quite 
possible that such wear might occur whore heavy steel tyred traffic is 
•compelled to track on narrow strips of concrete such as haunches, etc. To 
enable these shallow ruts to be repaired easily, the following procedure has 
been adopted in England: — 

The concrete is deposited to about li 11 below the finished level and 
then cotton fabric or loosely woven julo is laid on this surface. The 
’balance of the slab is then Inid and finished in the usual manner. It is 
•claimed that tho insertion of the cotton fabric does not weaken the strength 
•of tho road and facilitates the removal of, this thin surface course for any 
repairs. It would appear to form a cleavage p'laue. 

The third point is on the subject, of the use of longitudinal shear bars. 
•Corners formed by transverse joints or cracks are frequently protected in 
America by the following expedient. A longitudinal bar {■" din. is inserted 
about 6" from the edge of the slab and pavallol to it. It is painted and 
rgrensed and extends from end to end of the slab. It is claimed that these 
edge or shear bars reduce corner stresses 20 per cent. 
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The purpose of painting and greasing these bars is to break the bond 
with the concrete so as to permit free longitudinal movement cf the bar 
in the concrete and to present intact the full section of the bar for shear 
bearing and bending in load transmission. (Applause.) 


Chairman : Will Mr. Surati kindly introduce Paper No. 9? 

Mr. H. M. Surati, Divisional Engineer, Hoads, Hyderabad, then sub- 
mitted Mr. Zcman’s Paper, No. 9, for discussion. 
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{Paper No. 9.) 

Concrete Roads in Hyderabad (Deccan). 

By 

M. A. Zeman, Chief Engineer , Drainage Department, 

(. Hyderabad , Deccan). 

1. Hyderabad, the Capital of the State, has an area of 27-44 square miles 
and a population of 4,66,894 (including the Cantonments). It has all the 
amenities of modem cities such as Electric and Telephone services, Drainage 
and Water Supply. The total length of roads is approximately 130 miles 
most of which are constructed of metal or gravel. 

2. Adoption of cement concrete roads. — With the advent and rapid increase 
of motor traffic dining the last decade, the old metal and gravel roads could 
not be economically maintained in an efficient state of repair and the dust 
nuisance was becoming unbearable. The authorities, realising the danger to 
public health and the necessity of good and dustless surface, deputed their 
Engineers to investigate, who after visiting important cities in India, adopted 
Cement Concrete as one of the best and most economical road surface suitable 
to the local conditions available in the State. 

3. General Details. — Between the years 1929 and 1932 the State has 
constructed over 21 miles of cement concrete roads in the City. The roads 
hare been constructed in bays of 30 feet lengths with transverse joints at 60- 
degrees to the axis of the road. The road widths arc generally 40 feet. The 
central 19 feet belt is constructed of rich cement concrete having a thickness of 
6 inches in the centre and 9 inches at the sides with a camber of 1 in 60. The 
side berms which are constructed at present of either lime concrete or macadam 
sealed with Bituminous Emulsion or of gravel, will be cement concreted later 
on if required. 

4. Sub Grade. — In constructing the cement roads as little disturbance as 
possible was caused to the existing surfaces but where it was considered neces- 
sary levels were adjusted in order to avoid sharp changes of grades. 

5. Method of Construction. — Cement concrete was laid in alternate bays 
giving an interval of 3 to 5 days. After preparing and rolling the sub grade to 
the required gradient, channel irons 30 ft. in length were used for the side forms 
and were fixed in position by means of 1 inch square steel pins driven well into 
the sub grade. The transverse forms were of timber 3 inches thick protected 
at top by a 3/8 inch flat iron and the face towards the concrete by 1/16 inch 
plate. Provision for the free movement of the concrete slab was effected by 
laying over the sub grade 3/4 inch thickness of clean sand. 

Cement concrete was laid in two layers, the bottom being tamped by small 
band tampers and left rough to be immediately covered by the top layer. 
Final consolidation was effected by means of heavy iron tampers working across 
the side forms and weighing about 25 lbs. per foot length, and with a 6 inches 
wide bottom plate. The surface was finished by means of long wooden 
floats all edges of tlie slab being curved to 1/2 inches radius. 

6. Proportions. — Different proportions were tried for the bottom and top 
courses. The proportions of cement, sand and mctnl finally adopted from the 
point of economy and efficiency were I to 21 to 5 for the bottom and 1 to 1 J to 



-.for the top course. Char Minar brand cement which is manufactured in the 
-State has been used throughout. Well graded clean river sand passing a sieve 
•of 64 meshes to one square inch and hand broken granite metal graded from 2^ 
inches size to l j inches for the bottom layer were used and for the top layer an 
■addition of 1 inch to 1^ inches size of granite was made in the proportion of 1 
"to 2. 

7. Joints . — No expansion joints were made but only constructional joints 
painted with bitumen were left. The rounded edges of the joints were further 
protected by a thin layer of bitumen sprinkled with sand before opening the 
road to traffic. 

8. Reinforcement . — No reinforcement was used except over recently filled 
trenches and around drainage and water supply manholes or similar substruc- 
tures. No reinforcement was deemed to be necessary as the sub grade consist- 
ing of the old gravel roads which had seen years of traffic, was found to provide 
.good foundation. Moreover, the traffic consisting mostly of motors and motor 
buses, horse drawn vehicles with iron or rubber tyres and 1 to tons two 
wheel bullock carts with iron tyres is light and not heavy. 

9. Lime Concrete Berms . — With a view to further economise, the side berms 
as mentioned above, are constructed of 6 inches thick ' lime cement concrete 
.in the proportion of 1 part of lime, 1 part of cement, 5 parts of sand and 8 parts 
•of stone and finished in the same way as the central belt. The concrete was 
-covered with old cement bags kept wet for 3 days and a liquid preparation of 
alum (48 ounces to 1 gallon) was sprayed daily on the surface. On the fourth 
-day the whole surface was covered with 2 inches to 3 inches of sand and kept 
thoroughly wet at least for 7 days in case of cement concrete and 21 days for 
.lime concrete. The ultimate crushing strength of this lime concrete in a 6 
inches cube is 25, 30, 32 and 33 tons, at the ages of 7, 14, 21 and 28 days respec- 
tively. The lime is machine ground and is slightly hydraulic. The cost of 
lime concrete is Es. 2-12-0 per sq. yard as against Es. 4-4-0 per sq. yard of the 
■central belt and its strength and life is found to be much more than that of 
-either cement macadam or bitumen painted macadam. 


10. Subsequent Improvement . — In the more recent construction of cement 
• concrete roads certain alterations in the design and execution have been made 
'following the experience gained in the earlier construction. The 60 degree 
-transverse joints have been given up and right angle joints which facilitate 
better tamping and provide greater strength at the comer* of the slabs have 
been adopted. So far no difference has been observed in the riding qualities of 
the road which the 60 degree j oint was supposed to improve and eliminate shocks 
•over the joints due to any difference of levels caused by either unequal settle- 
•ment or expansion. In fact the right angle joint seems to give more comfort* 
-able travel over joints. _ Secondly, the difficulties experienced in laying a full 
•central belt of 19 feet width at one operation and the tendency to cause variable 
cambers through the sagging of a long heavy tamper have resulted in the adop- 
tion of 10 feet wide strips with a central constructional joint, which also serves 
"the purpose of a guide to the traffic. 


ll.Shppmness.~So far there has been no slipperiness observed on these 
.roads which may be attributed. firstly to the grading of the aggregate and the 

the f amt ® take U P even smoothness under the 
ttraffic. Secondly, the sand consisting chiefly of disintegrated rock is coarse 



grained and does not take up any polish but -wears under traffic. With all the- 
difference in strength between the individual constituent of the cement con- 
crete, the surface has been wearing evenly without any roughness whatsoever 
Lastly, the, proportion of 1 to 2 to 2>\ and 1 to 1£ to 3-1 in the case of the wear- 
ing coat is not so rich as to give that polish to the surface which is found 
in the richer proportions. Another cause which keeps the surface non-slippery 
may be attributed to. the horse and hullcck drawn traffic with their wobbling 
iron tyred wheels grinding the surface instead of polishing it. 

12. Maintenance and Economy. — The cost of maintenance of the cement 
concrete road has been negligible as compared to other types of roads in the 
City. The annual cost per square yard for cement concrete is one sixth of 
an anna, or rwo pies, as compared with three annas for the other equally costly - 
bituminous roads in the City. The savings on a road one mile long and forty 
feet -wide, are computed to be Es. 60,133 and Es. 1,61,333 at the end of 12 and ■ 
24 years allowing 6 per cent, compound interest, on all costs, as compared with 
4 inches thick bituminous grouted and sealed road surfaces with 9 inches soling - 
and 6 inches macadam. Besides being economical, the use of cement which is . 
manufactured in the State and is of excellent quality is advocated, whereas 
nearly 50 to 60 per cent, of the amount expanded on Asphalt roads goes out of. 
the State for the purchase of Asphalt. 

13. Results of experience on cement concrete roads : — 

1. The grades, where there is bullock and horse drawn traffic should not 

exceed 1 in 25 and that too for short distances : only from 200 to 
300 feet. A ruling grade of 1 in 30 is preferable for city roads. 

2. There should be no sharp changes of grades, which irrespective of being 

unsightly, affect the riding quality of the road. 

3. Always provide a central joint with 10 feet strips and tamp trans- 

versely. If no central joints are provided, tamp longitudinally 
with transverse joints closer. 

4. Use only long wooden floats 8 to 10 feet for finishing the surface 

working always longitudinally and parallel to the axis of the road 
with light pressure overlapping the previous floated surface by 1 
to 2 feet. 

Subsequent Notes. 

14. It is now nearly five years since the laying of cement concrete roads 
was begun on an extensive scale in the City of Hyderabad and about 22 miles of 
main roads have been already cement concreted up to the end of 1341 E. (Sep- 
tember 1932 A. D.). There are another 7 miles of roads on the roads probably 
which are to he cement concreted during the current and the following two years 
which, will make a total of about 29 miles of cement concrete roads, probably 
the highest mileage of this type of road in the whole of India. During these 
five years all the roads without any exception have been giving excellent ser- 
vice throughout all the seasons. There has not been a single pot-hole, nor 
uneven wearing nor unequal settlement nor anything as a matter of fact to 
complain of. The thin coat or scum of cement mortar took more than two • 
years of wear off. And now that the mosaic has appeared, the wearing is ob- 
served to be much slower — thanks to the excellent quality of the Shahabad'i 
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■'cement and granite stones presenting a good grip and foothold to the traffic 
;and a pleasing surface to ride on. 

15. Once cement concrete roads are properly laid, paying particular 
.-attention to the right proportion and quality of metal, sand, cement and water, 
mixing, laying, tamping and curing, it requires very little attention beyond 
-the maintenance of joints which are filled once or twice in a year, depending 
>upon the amount and nature of traffic, without causing the least obstruction or 
inconvenience to the traffic or public in general. Maintenance costs vary 
(from l£ to 2i pies per square yard which is negligible compared to other road 
-surfaces. It is estimated that the cement concrete roads in Hyderabad 
’will last from 12 to 15 years and it is too early to say what treatment they 
should receive after this period. But it is believed that a 3 inch thick cement 
■concrete wearing coat can he easily put on or that the old road can serve as a 
■foundation to an asphalt surface. 

16. It will not be out of place to consider here a few of the advantages of 
'the cement concrete road over the Asphalt Roads in the City of Hyder- 
abad : — 

(1) With minimum disturbance or cutting of the old existing well consoli- 
dated murum or metal surface, it is possible to lay the cement concrete road as 
against the deep cuttings of eighteen inches to 2 feet required for an Asphalt 
.surface on 9 inches to 12 inches soling with 6 inches macadam and 4 inches thick 
.Asphalt grouted carpet. 

(2) The cement concrete road can be laid very rapidly with less incon- 
■venience to the public at large and less materials and time are required as 
-compared to an Asphalt road. 

(3) The initial cost of a cement concrete road is a little more (about 3 to 4 
annas per square yard) than that of an Asphalt road. But there is considerable 
-saving in the maintenance cost of cement concrete road as compared to 
.Asphalt which at the end of 12 and 24 years amounts to Rs. 60,133 and 
Rs. 1,61,333 respectively on a road, 40 feet wide aud one mile long, charging 6 
-per cent, compound interest on the total outlay. 

(4) A well laid cement concrete road is smooth, dustless, sanitary, easily 
-cleaned. Its joints and fight colour add to the visibility at night. It possesses 
low tractive resistance, but with excellent adhesion both during dry and wet 
reasons, tending to decrease transportation costs, wear and tear of vehicles 
.and accidents due to skidding. On account of low heat absorption of cement 
-concrete it is more comfortable for pedestrians than Asphalt during S umm er, 
while on the other hand, the Asphalt road offers greater tractive resistance in 

■Summer and less adhesion during wet seasons thereby causing skids. 

(5) Last but not least, all materials including cement for a cement con - 
. orete road are available locally in the State, whereas Asphalt has to be im- 
ported. 


17. In conclusion, the cement concrete roads in Hyderabad have proved 
-.a great success and appear to be the best surface for all cities in general where 
there is heavy traffic and particularly for the bullock carts with iron-tvred 
wheels which are the principal vehicles for the transport of goods in India 
from generations past and will probably remain so for generations to come, for 

from SST S ° n tliab P ° Wer USed f ° r a § Eiculture itt India is invariably derived 
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Mr. H. M. Surati (on behalf of the nuthorj : Mr. Chairman and Gentle- 
men. as Jlr. Zeman, the author of this paper is unable to attend this 
Congress and to introduce this paper himself' I am asked to convey his 
regrets and to introduce the Paper on his behalf, and I hope to be able to 
answer any question or criticism to the best of my abilities. 

On the subject proper, I have nothing much to add except in general 
terms. As we all know, the science of road construction during the last 
decade or two has been and is demanding considerable attention of the 
engineers and the authorities concerned due to the changed conditions, and 
I am sure you will agree with me when I say that the problem is not solved 
from all its aspects whether of cost, construction or maintenance. The 
science has not yet reached that stage when one can straight away Bay 
without fear of contradiction that such and such specifications should be 
used for such and such conditions, as one would do in finding out the 
size of joists and beams in the design of a floor. 

But suffice to say that the road to withstand the modem conditions of 
traffic, and especially that of a big city, should have practically unyielding 
foundations, the materials of which it is composed should lot move under 
traffic when once it is laid or wear rapidly and unevenly, and of course, it 
should be dust proof. These essentials are more or less combined to a 
greater extent, so far as I know, in tlio cement concrete. But the first cost 
is rather excessive, hence difficult to finance. 

To those who are interested in this material, I would recommend to 
experiment on the following lines to reduce the cost. We in Hyderabad 
have tried to reduce the thickness of cement concrete to 3 inches by provid- 
ing 3 inches lime concrete ns the lower bottom com sc or foundation. The 
lime concrete was immediately followed by cement concrete of 1 : 2A : 
proportion, and both were well bonded to act ns one solid mass. Around 
all edges and joints for a width of 9 cement concrete was wholly provided. 
To make the point more clear. I will just give you a rough sketch 
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This type of construction was adopted for the sides of an important; 
thoroughfare 70 feet wide over which the slow-moving heavily loaded,, 
iron-tyred traffic is generally moving. It is now more than two years since 
the road is under use, and so far the surface is standing up well. This is 
all I have to say. (Applause.) 

DISCUSSIONS ON PAPERS Nos. 7, 8 AND 9. 

Chairman : Gentlemen, the tlirce Papers are now open for discussion, 1 
should be glad if those wishing to speak would kindly come forward. 

Mr. H. A. Hyde : On the subject of reinforcing of cement concrete 
roads, I would like to ask Mr. Turnbull — has the system of X-angle loop- 
forcemeat been tried extensively and is it of very great value ? 

Mr. N. V. Modah: Mr. Chairman and Gentlemen, I should like to say 
a few words on Mr. Turnbull’s paper. In the first place I must congratulate' 
the author in presenting to this Congress the principal features of’ 
cement concrete roads in a concise form in this paper. Cement concrete 
roads in India are of a recent growth and the literature available on this, 
subject is very meagre. It is therefore gratifying to see the author giving, 
tile benefit of his experience in the construction of concrete roads all over 
India. It is really unfortunate that it has not been possible for him to 
treat this subject in greater detail as in that enso the paper would liave- 
been a guide to those engaged in the construction of concrete roads all. 
over India. 

The importance of the preparation of subgrade cannot he over-estimated 
in the case of roads sublet to heavy traffic. On it, depends the life of 
the carpet or pavement. The author lias rightly stressed the importance of 
moisture content in the materials comprising tin snhgrnde, and ihe consc-- 
quent change in volume. A well consolidated u uteri wand macadam offers 
an excellent subgrncle provided it is properly drained. It is, lu>wo\cr, neces- 
sary as a precautionary measure to spread a Inver of i j nc h 0 f 5a nd Varpet 
as an insulating layer on which a concrete slab should' be laid on n uniform, 
subgrade so that varying stresses may not be developed in < concrete 
after it is laid. 


ft is absolutely essential to know the behaviom m concrete while it is 
being laid and after it has begun to act, especially on Indian soil where- 
the range of maximum and minimum temperatures is great and the stresses 
developed l m concrete due either to expansion or contraction while setting 
or to bending while warping very considerably. ° ' 

tJ^ S T Iing t hC d « igU i a C0 f r * le slab f " r o n»d. it would be insirue- 
t ve to know from the author whether the slab should he designed for the 
absolute maximum load it may be called upon to carry occn<=io«nllv or for 
average traffic load hlcelv to pass over it. It would nimnn. , 

it that it should be designed for the heaviest load likely to past over it 
but the section would be larger than necessary nnd °' er 

»o re costly. For a tea too roller, ta ElW tf ” rtcelTo , ‘ 

about 3-94 tons and with 50 per cent, impact the total whorl ^ ij- 

amount to 5-91 tons or 13,238 lbs. Tile thickness oMhn ii? * /I "*°V d 
would, according to the formula adopted },v the VUI, fJ b th ,°^ d S e 

2T- ml ,uotea * *" 8 “ * nr SdSETSff JK 


Then the question about the allowance for imnnet- is nnntlmr * 
point m the design of a concrete road cM, • 5 n ” , or controversial 

cent should be alWed for impact '* C0H ^cd that 50 per 

known factors during construction which taLT tor*? ^ ara . mtm y un ’ 
coocrete, a zena to reduce the strength of 
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It is also necessary to have as few joints as possible. In practice, 
however, it is not feasible to lay concrete in greater lengths than 40 to 60 
feet, where continuous system of laying is adopted. In alternate bay system 
the usual lengths are 15 to 16 feet. Due to long range of temperature 
variation and consequent greater allowance for expansion and contraction 
the author recommends a joint interval of 30 to 35 feel. In practice, this 
is found to be the best working length. 

- Now, there are a number of ways tfy which the joints, either longitudinal 
or transverse are filled in, but the most efficient filler in the joint would 
be rubber. Its cost, of course, would be prohibitive. Premouldcd bitumen 
is generally used, but during hot weather the bitumen is squeezed out 
leaving the joint more or less open and the edges of the concrete slah are 
knocked off by the passing wheels. This action is detrimental especially 
where the subgrade is yielding. 

Then another question about the concrete roads is, that where the work 
has to be carried out under traffic conditions, it causes a lot of inconvenience 
to the traffic because curing takes from 14 to 21 days. In Bombay, it is 
found that curing causes great inconvenience, arid it is a matter in which 
some improvement appears to be desirable. There are, of course as I 
say, limitations to every mode of construction. Concrete roads are not 
suitable for every or all kinds of traffic. We have now had sufficient experi- 
ence of concrete roads in Bombay, and we find that for heavy traffic, 
especially from the docks, a concrete road is not suitable. The Argvle Bond 
which has cost about Bs. 8 per square yard has given a lot of trouble at the 
joints, because the traffic we are getting is extra heavy, consisting of heavy 
steel tyred vehicles and bullock-carts. The Cement Marketing Company of 
India has criticised me for not adopting concrete for Bombav roads, hut 
it has not been done, not because of the question of strength, but because 
of the question of economy. 

Most of our arterial roads in Bombay have already been constructed and 
they have been constructed on cement concrete foundations. In residen- 
tial areas it is found that even a 4" cement concrete road has given satis- 
factory results. In the case of new roads in residential areas, where 
ordinary macadam roads were formerly constructed, cement concrete roads 
have now been laid and the levels on curves and footpaths are so adjusted 
that should the concrete road prove unsatisfactory a wearing carpet of 
asphalt is laid over it so as to give additional strength to the road. 
(Applause.) 

Khan Bahadur M. Z, A. Faruqi : Gentlemen, we are much indebted to 
Mr. Turnbull for the vast information contained in his paper, which is bound 
to be very useful to us. There are just a few points which I want the writer 
of this paper to clear up. These are as follows: — 

In paragraph 2 of his paper, Mr. Turnbull says: — “As in every other- 
problem of structural design, the designing of a concrete road resolves itself 
into first, a decision as to the forces which will act on it, and second an 
economical aspect of the design that will resrst these forces.” As to the 
latter part, I would be much obliged if the writer will kindly let me know 
the name of the authors of such books as have dealt with this aspect of the 
problem. To my mind, this problem has not been thoroughly dealt with 
auv.where Oiur, conditions of traffic are so varied. If there is any work 
which deals .with this, and he will kindly let me know,' I should be much 
obliged. Our problem to-day in India is to have a cheap road, winch will 

p 
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be an improvement on the old waterbound macadam roads and which will 
avoid dust. .For work of this nature, some advocate bituminous construc- 
tion the cost varying from Its. 12 to Its. 24 per 100 square feet. In the 
sections recommended tit the end of paper Iso. 8, the minimum thickness is 
5 inches. I think a section of this size will cost something like Hs. 50 
per 100 square feet. This will not meet the situation. 1 wish the writer 
of this paper had included some experiments on thinner roads in Indio. 
With the permission of the Chairman, I would like to mention that the 
Public Works Department in the United Provinces tried experiments of 
this nature about the end of 1931. The main objection of the engineer.-, and 
other officers concerned was about the financing of these thick concrete 
roads. They were of the opinion that concrete roads were very good; but 
being very exjicnsive people could not afford to invest money on them. In 
1932, various lengths ranging from 100 to 200 feet, were laid on an approach 
to Lucknow City. This was about three miles away from the city. The 
original road was of banker, width 12 feet, and the traffic was about 500 
tons per day. Various lengths were laid, not only of different thickness, 
but of different strength of concrete used by varying the proportion of 
cement. Today, more than 21- years have pas c ed, and the 3-ineh slab with 
a mixture of roughly a" 15 cubic feet to a bag of cement at a cost of 11s. 
2-13-0 is standing well. It has to he c cen how long it stands further. So 
far, the surface of that particular portion, though it is cracked, is perfectly 
sound. 

In paragraph 6 of the paper various methods are suggested for improving 
the subgrado. We all think that cement concrete roads are very nice, but 
1 suppose very few of us are aware how the cement concrete roads break. 
Of course, Mr. Hnri Cbnnd and Mr. Hunter know about this. There is 
a cement concrete road between Moghal Serai and Benares which is now 
about 8 to 10 years old. It has cracked just in n few places, longitudinally, 
•not transversely, more or less for about a mile. It is just possible that 
this is due to subsoil water passing underneath. At one place, peiticularly, 
where the road passes through a shallow tank, and where the bank is made 
mere or less of black cotton soil and water stands on either side, when 
water is stored for agricultural purposes, there is a through crack in two- 
furlong length, — longitudinally and varying from about * inch lo about i 
inch width. I would be interested to know if the writer of this paper eonld 
suggest a solution. I am no longer concerned with this: biff. T would like 
to know this for my own information. It shows that we have to he 
cautious. The road is 20 feet wide and the crack is in two-furlong length. 
Ii> is not very straight. There are one or two other places where the drain- 
age is passing underneath and there are cracks. The cracks did not appear 
for the first or second year, but they made their appearance in the third 
veer, showing strained condition just like when vou take a fresh pipoe of 
India rubber and try to bend it. I must mention, in respect of nil these 
cracks, that the surface is perfect strong and smooth. The most striking 
part, of these cracks is that they are all longitudinal, except for two or three 
transverse cracks. 


In paragraph 19. the author lias mentioned about fatigue I would he 
glad if he would recommend some exhaustive work on the d’esim of concrete 
roads, because to my mind the miestion of fatigue does not come much 
mtn practical working at all. All the designs here are for America and 
mere the cross-sections, except for the top one which is specinllv meant 
for some special traffic, are for cars and trucks without anv mention of the 



239 


loads. They have varied thickness jusfc in proportion to the intensity of the 
-traffic. Does it really mean that this variation in thickness is for the 
taking of the fatigue? 

In paragraph 21-A, figures are given for the expansion of cement con* 
-Crete. It roughly amounts to one inch in 100 running feet, or for a length 
of 33 feet, it will be inch' My experience is that these widths of 1 inch 
in 100 feet, or inches in 150 feet, are not worth troubling about, because 
a slab of 100 feet does not shrink but the strain is caused by the reduction 
of the temperature. They shrink just by a paper thickness or a card board 
paper thickness on the outside. They do not shrink in proportion to the 
theoretical shrinkage calculated according to this or according to any other 
formula. So, what actually happens is that concrete remains under strain 
-and by introducing this joint we relieve about 10 feet length in the imme- 
diate neighbourhood of that particular joint. The writer has recommended 
-eei tain materials for joint. These joints are likely to give trouble in their 
neighbourhoods. In the paper on Hyderabad roads you would have noticed 
that there is definite mention that they do nob introduce any material in 
the joints for the purpose of taking up the expansion and contraction. In 
the United Provinces, bitumen joints were introduced more cr less purely 
as an experimental measure or on account of the coaxing of some agents. 
All the roads have been built by butting one slat againc; the other, whether 
they are 33 feet or 40 feet long and the two slabs have tried to expand 
and contract. When an expansion point is put in, it is open to so many 
complications. In hot weather some of them run out and you have to fill 
in new material or else some of it gets under the concrete and in lhe hot 
weather it bursts the concrete by melting. These joints, which have leen 
made so much of, and for which so many specifications have been issued 
for use in India, should be completely forgotten. That is my view, and 
I suppose the roads which have been standing for 8 years will prove that 
I am correct. None of these materials should be put in to take the expan- 
sion and contraction. Of course, the slab will relieve itself of the stress 
caused 'within about 8 feet. On that principle, originally, when the con- 
struction was started in Benares, we brought down the length of each 
hay to 16 feet. But the joints, however nicely made, arc not & pleasant 
-thing to introduce. We adopted bays of 30 feet, then 40 feet, and after 
that, we made another stretch of a two-furlong road on an embankment 
near about Cawnpore with 60 feet bays, and it has worked well. It is for 
consideration whether we really should rpay so much attention f o this point, 
although in practice this has not been done. 

There is mention of longitudinal joints. We here in Delhi have also put 
in longitudinal joints. What is the advantage of longitudinal joints? I 
would request Mr. Turnbull to tell us about it. Is it worth while breaking 
a "width of 20 feet into two strips of 10 feet each and then to prevent it 
from moving about by putting in bays? Whv all these complications? I 
-should think that we should not introduce from the beginning anything 
which was likely to be taken by the iron tyres of the traffic. These metal 
pieces which are put in occasionally in the construction of the concrete 
joints are not really worth troubling about, and many possiblv create trouble 
themselves. There is a mention in Mr. Zeman's paper, about the joints 
being placed at an angle of 6 degrees to the lonsitudinal axis and that they 
‘have given it uip. I think it was Col. Walker who read a paper in England 
about 1926. He advocated interlocked joints so that the two slabs veil 

• p2 
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•work in conjunction with one another, distributing the loads half from the- 
top and half from the bottom. These joints were tried and proved very 
complicated. In the diagrams appearing after page 228, every section 
is proposed with a tongue and groove joint. What is the function of these?' 
I would request the writer to let me know. 


On page 227, some mention is made about the constructional details of 
these slabs and a summary of finishing operations as applied m most of 
the other countries. At the end of this paragraph it is said, “Too much 
tampering or any over-finishing which brings much mortar to the surface,, 
seems to be responsible for most of the surface scaling, and should be 
guarded against.” In this connection I just want to give a word of warning. 
We should aim at keeping the water ratio at the minimum. If we put in 
more water, it will work as a lubricant, drawing up the eement to the top-.. 

So far as cement concrete is concerned, we should try to minimise the- 
cost of construction by putting 1 inch to 2^ inches lime concrete. If 
anybody wants information, I can give it. 

Mr. H. Hugh'es : Mr. Chairman and Gentlemen, although the papers we 
are discussing are on concrete roads in India, yet I should like to refer to the 
concrete motor roads now being constructed in Germany. Seel ions of the- 
German national motor road were shown to delegates of the Yllth Inter- 
national Road Congress which recently met at Munich. The general design' 
contains points of universal interest, but I fear that most of the things that 
are being done there are much too costly for anything that can be attempted 
in this country at present. The general design is formation width, SO feet. 
On this are laid two roadways, each 24 feet wide, for one way traffic. The- 
road is intended for motor traffic only, and so there is separation of grade- 
at all crossings with other roads. Where a concrete design has been adopt- 
ed, the slab is laid in two courses. The bottom course consists of stone of 
about 1J- inches and the proportion 3 • 3: 5, thickness 7 inches. The top 
course consists of stone o? about J inch size laid in the proportion of I : 2:3 
. and of a thickness of 3". The minimum curvature is 1} miles super- elevated 
for a speed of 100 miles per hour— they are looking well to the future. The 
interesting point in the design is the cross joints. They are provided at- 
varjing intervals of 41, 49 and 57 feet. This arrangement is obviously to- 
avoid any uniform rythmic corrugation. 


Mr. R. G. Burt: Mr. Chairman and Gentlemen, it appears that one of 
the draw-backs of the eement concrete road is the time for which the road' 
must be entirely closed. I would like to ask the authors of these papers and” 
also any other delegate present if they can give us an v information about 
the use of road hardening cement and its effect on reducing the time that 
a road has to be closed, and also its effects on the fife and behaviour of the- 
road. This draw-back of the road having to he closed very often mar rule out 
the vise of concrete roads where the diversion of traffic is undesirable or im 
practicable. I think that we would like to have information on this point of 
the use of road hardening cement Information might be collected on the 
point and further experiments might be beneficial. 

r Khttn Baha i vr Z -£-- Fa :'W- I was carrying on construction with 
ordinary cement until 1930 and then it was remarked that ibis tvne of 
construction took a very long time and that it meant blockW the traffic 
for a good long time as the preparation of the sub-grade took 
clays and then after that four weeks were taken for "urine if Thp 



241 


iaster. By systematising, we did manage to reduce the time spent in the 
preparation of the sub-grade. "We found that by the use of a rapid harden- 
ing cement, the quantity of cement was reduced by about ten per cent. 
The strength of the concrete was the same as claimed by the manufacturers 
.and there was a saving of about three weeks in the time for curing. In all 
it meant as' saving of a month and as to the cost of construction there was 
no difference. This, i.c., the construction with rapid hardening cement 
.needs a little more supervision and one has to he very careful with rapid 
hardening cement. Those who do not know India may say that the labour 
in India is worthless. But Indian labour can be very well trained. But 
one thing to be constantly impressed on them is that tee cannot go on work- 
ing on ccm cut for hours. Inside the cities, we cannot afford to block the 
-roads for any length of time and for such places I would suggest the use 
-or vapid hardening cement which will save a great deal of bother to the 
Engineer in charge. The quality of the cement concrete road is perfectly 
all right and those who have been on such roads cannot notice any differ- 
-euce. 

Mr. A. Tipan • In Madras cement concrete has not yet been used exten- 
sively for road construction. It lias been used for the decking of bridges. 
In certain cases we found that the cement concrete breaks up to some 
•considerable extent. I should be glad to know if this lias been the experi- 
ence elsewhere. We should like to now whether this is due to vibration or 
•some other cause. As regards cement concrete roads in cities, it appears 
to me that this is ruled out entirely in such cities as are contemplating 
■drainage and water supply schemes. 

Mr. D. Macfarlanc : Mr. Chairman and gentlemen : We heard a short 
time ago with great interest the description of a road in Germany where 
the super-elevation is designed for 100 miles an hour. You probably all 
remember Sir Jogendra Singh's speech* at his lunch party in Lahore where 
he pointed out that our principal enemy in this country is the Einnnee 
Department. Sir Jogendra Singh pointed out that all our activities depend- 
ed on the question of finance. On this tour I noticed particularly that many 
-of the delegates raised their eyes of horror at the cost of some of the types 
of roads, and said that they could not simply afford them. Roughly speak- 
ing, a cement road costs something in the region of four times an ordinary 
.road and I think that for most of us the only thing that, can ever come 
within the range of practical politics is the widening of the mere heavily 
trafficked roads with cement tracks at the side and it was for that reason 
that- in your tours in Lahore we took you to the Multan road and showed 
you there our proposals for widening that road. In connection with that 
particular work I had a most interesting discussion with Mr. Turnbull and 
with Mr. Mitchell. who is going to finance the work to the extent of 50 per 
•cent and the interesting part of the discussion related to this question of 
-the sub-grade over which a lot has been written in these papers. When you 
are reconditioning an existing road, it is one matter but when you are 
widening an existing road, it is an entirely different matter and to my 
-mind it is an extremely difficult one. In the case of the Multan Road, we 
have got a fairly high embankment. Our problem is to put this cement 
-track on the outside and the question is whether we 
-are going to increase the thickness of the outer edge 
•of the concrete or to provide an adequate sub-grade which wilj.be pretty 
high. We have not yet decided how exactly wo are going to -solve this 


* Pages 27?— 273. 
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problem but this is an entirely different problem to the one of putting a 
cement road on an already existing surface. We have been discussing just 
now the inconvenience to traffic by the putting down of a cement road 
and the discussion went on to the question of using . quick hardening 
cement. In the case of a track such as the one to which I non refer, I 
wonder whether it would not be possible to put up pre-cast slabs. On the 
Chr nab bridge which you also saw on your tour, we did the decking entirely 
with pre-cast slabs which were six feet long and three feet wide and there 
is not very much difference between six feet and seven feet. 

(Mr. Maefarlane then illustrated his points on the blackboard.) 

Mr. D. Daniel : Paper No. 8 sets forth clearly and succinctly the latest 
practice’in the design and construction of concrete roads. Though there is 
practically nothing to comment on these specifications, yet T was only 
wondering why no mention was made about the application of silicate of 
soda recommended “by the Concrete Association and advertised by the firms 
dealing in them. I hope Mr. Turnbull will give us his opinion on tlie 
same. 


Also the diagram appearing after page 228 looks to me as though it is 
not quite correct. For example 9* slab for a modulus of rupture of 300 
pounds can carry a wheel load of about 8,000 pounds according to the 
formula given; whereas from the diagram we get a low figure of 3,800 
pounds. I think it requires some explanation. 

Gentlemen, I find that there is an important matter to be gone into by 
a body like this Congress, in connection with the design. The International. 
Congress has given a formula which has also been reierred to by Mr. 
Turnbull where W is the maximum wheel load. On referring to the dia- 
grams at the end of his paper it is seen that the thickness is varied accord- 
ing to the volume ot traffic. One should have expected the thickness to> 
have been designed on the above principle and the width varied according 
to the volume of traffic. Again in Delhi a slab of 7: 5: 7 is laid. In 
Hyderabad, 9 : 6 : 9 is laid. On the Nasik road, 6 : 4 : 6 is laid. None have 
stated for what ioad they have designed their slabs. If it is for a 10 tom 
roller one wheel-load is about 11 .500 lbs. including 30 per cent, impact and 
the slab will be 10|: 74: 10-?. If the slab is 9: 6: 9 it can bear a load of 
about 8,100 lbs. including impact of 30 per cent. This means that- lorries 
of 34 to 4 tons capacity weighing about 7'5 tons laden can be earned bv the 
slab. It is therefore a matter for consideration whether the concrete slab will 
have to be designed for tlie occasional heaviest load or for the average 
traffic units. As the high initial cost for a heavy section maj not be justi- 
fiable will it not be sufficient to allow such heavy occasional loads to be 
taken care of by the factor of safety allowed in the des^n? If the occa- 
sional heavy load can be disposed of in this way what is the average traffic 
unit for which we have to cater for? These are matters, gentlemen, that 
will have to be decided by you sooner or later. 


In Paper No. 9, it is stated that cement concrete has been laid to a 
breadth of 19 feet in the middle and the sides were paved with a lean mix- 
ture of lime concrete. One would expect it to be the other wav since the 
slow country cart traffic uses only the sides. I should like to he informed 
whether conditions are different in Hyderabad. I n para«n-aph 16 the ad- 
vantages of cement concrete road over the asphalt roads are given. The 
first two reasons seem to be open to some controversy. An asubalt road 
does not always require the foundation indicated. * 
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If the old crust available is about & inches, it is reformed with n 
coat of new metal and the asphalt laid; the figures given under item ? 
therefore, requires some alteration. Also a concrete road takes nearly 29 
days for curing unless it is rapid hardening cement, whereas traffic' can 
be allowed over asphalt pavement after 4 or 5 davs at the utmost So I 
could nob understand how the reasons adduced here against asphalt could 
be upheld. It was also stated that a cement concrete road could be con 
structed at less inconvenience to the public and in less time as 
with the asphalt road; I think it is just the reverse. * 


In Paper No. 7, in paragraph 4, it is stated that 6 feet widtL is given 
tor slow traffic and 7 feet 6 inches in the middle for the fast traffic I 
should like to observe in this connection that the generally accepted widths 
required for such traffic including the clearance required according to their 
speeds are 8 -feet and 10 feet respectively. Anything less than this is 
likely to prove dangerous to the traffic at times. 


The conclusion in para. 17 o£ the paper Xu. 9 seems to be open, 
to controversy again. It is not always possible to find funds for 
concrete roads everywhere. A concrete road will L>e a necessity in short 
lengths of main trunk roads within town limits and their outskirts. 
Further short lengths adjoining the towns may have to be paved with two 
concrete sides with an asphalt pavement in the middle. Even if the 
original width is 12 feet, it will he advisable "o segregate the steel-tyred 
bullock cart traffic as above. For oilier imports nt sections surface paint- 
ing may be required chiefly lo allay the dust. These are tb,e improvements, 
I am uble to Visualise, that will be required for our main trunk roads in 
the near future. Hence I do not quite agree with the conclusion of this 
paper and the conclusion arrived at in parn. 25 ••{ paper Xo. 5 (b). Nor 
do J agree with the conclusion arrived at for heavy bullock-cart traffic 
in para. 97 of paper Xo. 6. 

I thank the authors of the papers for having kindly placed at our 
disposal their valuable experiences iu the construction of these concrete 
pavements. 

j Mr. S. S. Bhagat: Mr. President and gentlemen, I am not going to 
read all these papers and I hope wliat I have to say will not be very 
boring. I must congratulate Mr. Greening for liis very interesting paper 
and it is of great- interest that this method was tried in Bombay. I must 
say that this method, when it came out, did not appeal to many as they 
thought that it would not be "suitable for heavy traffic or medium traffic. 
Tt seemed the results in Bombay showed that it could never be satisfac- 
tory but that it is just possible that it may do heller in localities where 
traffic intensity is not so severe. There can of course be no doubt that 
it cannot be expected to compare equally with cement concrete. In these 
papers some doubts were expressed about ilie slipperiness oi rhe cemcnj 
concrete roads. I do not know why these apprehensions should ha' s ' e 
arisen because in the United Provinces cement concrete roads have been 
under traffic for the last seven or eight, years and no complaints ot 
slipperiness have been received so far. I must- congratulate Mr. 
for his excellent paper and his well-reasoned argumouts in favour of t-lie 
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construction of cement-concrete roads in Hyderabad. We in tlic "C. V. 
have found by actual experience that nothing but foment c««ieu*te roads 
would stand under heavy Ivaflie. We did not. take traffic censuses in 
those days and I cannot give the figures but gentlemen you will perhaps 
be interested to learn that in On wnpm o in lo25 tun miles o r asphalt 
concrete (premixj were laid and after about 18 month-!* tfallie they cave 
way and cement concrete had to be put in. It is standing up well up to 
now. In Allahabad both T. It. A, and inexplicit grout were n.-.-d in two 
lrrlcs in 1026 and after nliout nine months’ trail:.’ both these miles cave 
way and cement concrete had to be used to take the traffic and loth these 
are still standing well, so far ns I know. Mr. Zemnn mentions an alterna- 
tive bnv method of construction Hi* ff :ivs that an interval of five days 
was given. Tt scents that this interval was rather short, unless rapid- 
hardening cement was used, ns it would ltnrdK give time if r the cement 
to set- and the real reason for using the alternative bay method would 
ho lost. Mr Zemnn has not mentioned how they mix (he aggregate in 
Hyderabad, as we found that hand-mixing was not so good or economical 
ns the mechanical mixers and the other advantage in using the tneeh.niiord 


mixers was that the water ratio could he controlled mueli hotter and 
satisfactorily, which probably is an import ant factor. The cement eon- 
cretp exports will probably advise us in the matter. Mr. Zemnn has 
also mentioned that a central joint should be provided. We found that, 
such a joint was not satisfactory both ns regards construction and when 
the road is actually in use. The joint goes on widening due to wheels 
of carts etc., always getting into it and there is always trouble in filling 
it up and keeping it in good condition and this joint’ should he avoided 
as far ns possible. TVolmhlv the cement concrete experts will give ns 
their opinion. Tt is also mentioned that cement concrete can he laid verv 
rapidly, hut that is not von- convincing n s th^ sub-grade and the actual 
laying of the concrete and curing tak-s from a month and half to n ho„f a 
month nna tli?w-qnniipv< hrforo (h«» section under nnc^ttion onn 
opened to traffic. Of course ihe time can be coiwderahh reduced, as 
has been mentioned l M oiu member, if rnpid-har Jrning cement t^-d 
T quite agree with the authors about the advantages menlmm-d m the 
papers in mine cement concrete but we can not have it frr .• -h and 
every road ns the initial er.st is verv high: it can nnlv bg justified v.-he-- 
ever a cheaper method of construction will not solve the proh.Vm The 
mixture given hv Mr Zemnn appears to he too rich. I do not know 
how they arrived at the proportions stated in the paper. In the TniVd 

LtilfHT " ° C ? Crfl ^ u r om \ 1 ” fnur ■™d we have found (lie roads most 
‘ * nr Perhaps the HvVr-ihad poor-l- will find that their 

roads will Inst longer than ours. 1 


A question was asked about the „«e n r ,, , . 

cement. Tt was actually tried on crossings ™d Jro ‘ ‘’l nM1 ? 

opened to traffic after ' seven dnvs only " w Mcl! *i ’ . ''a ^ 

lot of time can he saved in am localities wh.-’ro it U v'-^Zrv ' tTu*o 
it because the eos{ U not verv ^rcaf ™d >i ; i ,i * V, 50 

be- reduced considerably. Rome rem.U-’ w„, rinde*nb"u{ fbn f'' ° m L 
concrete itt localities wln-re there am , ffi" uHc - .7 [ T* mneB t 
water pipes. T think in some locnh*H»s 2 A ""t . 

pipes etc., were laid o n both sjdes VthlTZ ? hp if 

the road especially in places TiTco TVlhi wl.ere T bMV woss 

do cement concrete in Phandni Viiow” ‘VV* ?"*"= te 

.piaces also thev can do s n Mr n J' lorroet, then in other 

■the cost of providing cement concrete roads * jm" '°T 7 pnme,1 nng al™* 

mci.ie iwmib. Jt ,s quite true that cement 
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■concrete is more expensive, but ii nc-tual figures are gone into, it will be 
found that in the long run it is not so very expensive. There was q long 
stretch of road in the United Province which was to be re- constructed and 
we worked out the figures and we actually found that in ten years’ time 
a cement concrete road would probably cost about, just the same as stone 
metal and surface painted and that hi fifteen years’ time H was possible 
-to save about Es. 25,000 from (he maintenance cost alone, as the cost of 
maintaining cement concrete is very small and painted surface requires 
.a considerable amount In their case it will be about 3 annas per sq. 
yard annually. We also worked out that from savings of maintenance 
the whole length of a road could be re-cement-concreted in 30 years 
and still save some money. t 

Major IT*. B . IVhi&huio . — 'Talking about rapid-hardening cement, it 
may interest you to know that nli the bridges and culverts and the bulk 
of the Irish bridge work which you saw on the Mohamand road Mere all 
done with rapid-hardening cement and were opened to traffic subject to 
the road being up to that point within forty -eight hours. As far as I 
-know they have not given any signs of trouble whatever. (Applause). 

Mr. B. F. Taylor: I would like if I may to put a conundrum and I 
must apologise for raising yet another question. I should like to ask 
Mr. Turnbull if he can explain what has happened in Assam, where, as 
in the case of Madras, about which Mr. Yipan has just spoken, our 
experience of cement concrete lias so far been connned to bridge read- 
ways. Last cold weather and the cold weather previously we put down 
ii huge number and on certain of them, to assist curing and hardening we 
■used silicate of soda. I notice Mr. Turnbull in his paper advocates water- 
•curing only and we will certainly stick to it in future. I should like to 
tell him what lias happened to silicate of soda where it has been applied 
to cement concrete bridge roadways. A curious ervslnliiue deposit has 
appeared on the underside of the concrete- 1-fow lias it got there? It 
-cannot have gone through the concrete. We can only assume that it 
lias worked its way between the concrete and the curb plate ilian along 
the inside of the plates and hag appeared through the joints. At present 
if is showing an unpleasant-looking and n very ominous-looking enslalline 
•deposit. Whether or not this is causing corrosions we cannot yet say. 
I should be very glad if Mr. Turnbull can tell »s why it i< so, and what 
ft is. 

I apologize again for asking these troublesome questions. I should 
like to menlion the question of cref e-ways. To Assam a small grant 
was made three years ago from the Research Fund to try erete ways on 
nn ordinary earth road. We have done so and thev have been a complete 
•success. Four and a half inches of concrote was laid in trenches dug in the 
road. Tli 3 object ol‘ our crete-wnys is not as in the Punjab to take bullock 
•carts and to leave the rest of the road for fast traffic but to take all traffic 
when the remainder of the road is n morass. We want, if we can, to get a 
further grant to try this out on roads under different conditions throughout 
the Assam Valiev and I hope that the technical sub-committee which it 
is proposed to set up to advise on research will allow us to make further 
experiments with these crete-wnys in different forms and’-under different 
-conditions. (Applause). 



246 


Diican Bahadur N. A T . Ayyangar . — We have had a discussion on 
these roads for the last so many days and our problem as I told you was 
to find a dual purpose road. These various types are all very well for 
municipal areas and also just near towns, say within five to ten miles out- 
side the towns and also in special places. Our problem generally is of 
rural roads and the maintenance amount that we get is very little indeed. 
It varies from Bs. 300 per mile to Rs. 500 per mile, whereas the circums- 
tances in the Punjab and the N. W. P P. have been s.ieh that the 
ordinary maintenance cost has been very great, say Bs. 1,700 a mile 
per year. 

With ordinary tar the cost of maintenance has been reduced 
to Bs. 1,000 and that would be required for the periodic repainting of 
the surface with tars or emulsions or bitumen surfacing. But we cannot 
ever hope to get all that money in other provinces and for carrying out 
these works we will have to do it out of loan funds and again the main- 
tenance also will be very costly. Therefore we are tied down to our old 
macadam roads. Up till now we had only the bullock carts and nobody 
complained for the last 100 rears about tbe destruction caused by the 
bullock carts to the roads. As referred to yesterday, motor traffic 
naturally causes corrugations, which is the characteristic way in which 
ordinary macadam gets worn out under mechanical transport. The 
corrugations are indeed nothing but a series of snallow pot holes. Now 
to have a continued use of macadam on our ordinary rural roads, we have to 
strengthen the surface of the macadam roads. 

The other important point is the sub-grade. If both the surface and 
the sub-grade are reasonably good they would stand motor as well ae 
bullock cart traffic. We are doing the surfacing with tar and bitumen. 
Cement is a local material and we want to use it for our macadam roads- 
as much as possible. Its use as slabs is very costly. I suggest that 
cement should be used in places where the maximum strain comes 
under motor traffic. What I suggest is that we make an ordinary ' 
macadam road in the usual way, and after we water and roll it 
thoroughly instead of putting blindage, we should use a mixture of say 
one cement and two of sand in and then sweep it into the interstices of 
the macadam and just get a mosaic effect in the final result. There 
should be no surface skin. This cement would be able to lake the 
abrasion just as the tar or bitumen does. This I wish to suggest for 
further research because the macadam that failed in Bombay was due 
to the sandwich method. There unfortunately cement was put below 
the surface and in the body of the metal where there was no strain at 
all. It has to be at the very surface where the maximum strain due 
to the abrasive action of motor vehicles comes. I wish to suggest that 
a certain length of road may be tried on these lines and with Mr. 
Mitchell’s help, I hope to be able to make an experiment. Yesterday 
there was a proposal for having a research scheme. It would take time 
to bring it into existence. I will be prepared to carry out that experi- 
ment and T will report the result before the next Congress. 

Mr, H. A. Hyde. — Mr. Yipan asked a question about the cement 
concrete being used in the construction of bridges and said that the 
cement concrete breaks up to some considerable extent. Ws have' 
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numerous submersible bridges in the Central Provinces and formerl,- we 
used for their paying nothing but stone, excellent sione hard black 
basel. I have recently abandoned stone in iavour of cement concrete 
because X g e t & much nicer surface and our experience in most places 
is that it is standing up to the traffic very well indeed. 

■ }[r. A. W. H. Dean: Mr. Chairman and gentlemen, I have got 
nothing to contribute to this discussion except a few questions. The 
longitudinal joint in a cement concrete road hay been adverselv criticized 
by some. I am not at all clear as to what Mr. Turnbull — I think pro- 
bably lie is the one authority in India — really thinks of it. But it seems 
to me to have certain merits from the point of view of construction. For 
instance you can construct half your road at a time and you do not in- 
terrupt the traffic and again due to the thickening of the two separate 
sections at the edges it seems to be scientific from the point ot view of 
canning two separate lines of traffic. We have been putting down 
7:5: 7 in one width across the road and also in two strips with a central 
joint. The latter has the apparent advantage of giving four thicker 
edges to take the wheel load of each line of traffic. 

The next question I would like to ask is what is the bert typo of 
expansion joint, that is to say, what is the best position for it. The 
most obvious of course is right angles to the direction of the road, but 
this is distinctly unpleasant for traffic. You get your two front and rear 
wheels going off and on to each slab at the same moment and so get 
very much more of a jolt than you would with a diagonal cross joint. 
On the other hand that would tend to introduce very weak triangular 
pieces at the edge. We have tried putting down joints which are 
diagonal across the central strip and then turn at right angles to the 
edge for the last couple of feet I am not sure if that is a good thing 
or not. 

The next point is about the hexagonal- surface reinforcement. I read 
a description of it some few years ago in an American paper and I first 
tried it out in a concrete flooring of a squash court. Strips of hoop iron, 
one inch 1-} inches wide and 1J- inch thick, bent into n hexagon of 20 
inches diameter were laid just about half an inch below the surface and 
we laid the whole of the court without any construction joints and in 
three years it has shown no signs of cracks other than the finest hair 
cracks. I have tried it in a submersible road bridge where we laid a 
cement concrete floor putting it down in strips of 332 feet. The design 
was a continuous beam of four spans of 33 feet and we made our surface 
construction joints coincide with the construction joints of the reinforced 
slabs in the bridge and there also we found that we got no cracks at 
all. I recently used it in a road and within about two months I got 
some very unpleasant looldng cracks in the middle of the length laid 
with hexagonal reinforced construction. 1 am not sure whether these 
cracks are due to the sub-soil. I want some comment on this point if 
possible. 

The next important point in the use of cement concrete for roads 
is the use of the minimum amount of mix water. I myself am' rather 
doubtful about this as I have found cases where I had rather unsatis- 



248 


factory concrete and' on investigation I found it was rather honey-combed. 
1 am inclined to the opinion and I want some comment on it bv others— 
that a slight incrense of mix water, although it undoubtedly reduces 
the strength of your concrete if you are getting it mixed to the maximum 
possible extent, actually makes a slightly more workable mix and in our 
ordinary work gives more satisfactory results. The loss of strength in 
honev-combing in very dry mixes is’ more than sufficient off-set the in- 
creased strength that the concrete otherwise obtains. With regard to 
the cement, sand, aggregate ratio. Some people have given 1-2-4, others 
1-21-5 and so on. I would be interested to know if any one else has had 
my experience which is that you never get the densest mix of any sand 
and aggregate if vou proportion them definitely as 1 — 2 — 4 or 1—21 — 5. 
The densest mix is important. T have locally found here that 1 — 2V— 31 
is generally a much denser mix than 1 — 2—4 using Delhi stone" and 
Badarpur Sand. 

Mr. Mncfarlane speaks of pre-cast slabs. Mfe have tried pre-cast 
slabs on, bridges and the difficulty is the enormous number of joints 
that are involved in the surface because there is, a limit to the weight 
•of a pre-east slab. Otherwise pre-curing is undoubtedly much more 
effective than curing in situ. The test of a pre-cost slab gives almost in- 
variably higher results than the test of concrete cast in situ. But the limit 
•of weight for a slab is important ns involving such a large number of joints 
that the resulting road surface is really rather uneven. 

I would like some further information on rapid hardening cement. 
At the time of initial set, do you lup-e to exercise any very special care 
•in using rapid hardening cement from that point of view? 

a 

I would particularly like to ask the Hyderabad Engineer who has 
been putting down cement roads how does he make a cut and how 
does he fill it in? It seems to me that unless you are going to lay down 
a whole scries of tunnels for all vour services, cables, water pipes and 
.so on, it is almost an impossible situation to have cement concrete roads 
in a city. 


Mr. G. Be id Shaw : Mr. Chairman and gentlemen, we in Assam, 
had some difficulty in reducing our floor loads on bridges, and we had 
a case a few years ago of a very long suspension bridge on which we 
desired to reduce the floor load/ Kow, the weight of concrete on that 
bridge was nearly ns much as the steel work. If Air. Turnbull would give 
us a specification for a light concrete, we will be able to make an enormous 
saving on our designs of such bridges. In the ease of that bridge, we 
tried °a coat of coke breeze concrete, and the engineer who was in charge 
of it described it in language which I cannot describe to you to-day. 
If the author of this paper could give us any assistance on that matter, 
we will be most grateful. 


Mr. Tv . G. Mitchell : Mr. Chairman and gentlemen, I think it was 
Khan Bahadur Enruqui who suggested that more attention ought to 
be devoted to thin concrete slabs, and if has been a practicable pro- 
position particularly when used on old established macadam roads. 
T sumiose he will agree that with the exception of a few roads, we have laid 
11, Z Told ZUL roads. Wc tarn.. 1 think, boon influenced to a great 
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extent iii tins matter by American practice, in fact, Mr. Turnbull has given 
us very typical examples o£ American practice of laying concrete roads on 
mother earth, but our conditions are very different, and I think possibly we 
are inclined to be rather extravagant. Mr. Hughes told us that new motor 
roads in Germany are costing 10 lakhs a mile. Of course we find it difficult 
to believe. The Glnsgow-Edinhurgh Hoad, I think, cost Es. 00,000 a 
mile which is not very far off from that. I rather feel that if we take 
old macadam roads and then put a heavy concrete surface at the top, 
that .would be extravagant, and I think we should try thinner sections. 

I would like to ask Mr. Turnbull another question., He mentioned 
the alternative of laying some fabric below the surface. That has always 
been a difficulty with me. Mr. Bbagnt, again, to-day quoted figures 
to prove fchut in the United Provinces their concrete road is no more 
expensive than the various other alternatives, and said that in 15 years 
it showed a definite advantage, but the difficulty is, what do you do when 
the concrete wears out. If you want to make an estimate of the economic 
value of the concrete road, how do you estimate the renewal, and what 
thickness of concrete do you propose to put on, because, after all. sooner 
or later, it must be done? 

There are one or two other small points which 1 would like to mention. 
One of Clie oOjeets oi this Congress is to know what is a success and 
what is a failure. Diwun Bahadur Ayyangar usketl me if 1 preposed to 
help in financing an experiment with cement on macadam roads. It 
seems to me that the general experience is that "cement sandwich" 
method has not been u success, i know of one or two roads in the 
neighbourhood of Xugpur which were laid on bv the Municipality which 
are a success, hut on the whole ns far as 1 know, cement macadam 
roads have not been a success. 

Diwan Bahadur A’. N. Ayyamjar; What 1 suggest is altogether different . 
from the sandwiched method. That is the reason why I suggest an 
experiment. Anyway, if Mr. Turnbull could tell us wliat percentage 
bf cement macadam roads has been successful, we shall be glad. 

I believe .some time ago the trackways were laid in Jubbulpore, but 
they were not a success. I think we, ought to record whether the track- 
wavs and cement macadam were, irt all successful 1 iomul unsuceessful 
we can eliminate these two methods and a good deal of further unnecessary 
experimenting will he avoided. 

Chairman : Gentlemen, betorc asking the authors oi these very valuable, 
papers to reply to the criticisms aud questions asked, I should like to 
say just one or two words. 1 should hate to sit down without seining 
this opportunity of inviting your attention to the tact of our "fairy 
God-mother", to use the Hon’ble Sir Jogendra Singh’s own words, in 
appointing to the Chair to-dav to consider these Papers a representative 
from a province which, through its stress of financial circumstances, has 
been unable to embark upon the construction of any concrete roads. 

It follows that I should be or ought to be brief in my remarks and wot 
detain you for long, and also that I should have an unbiased mind in 
this matter. In Burma our official acquaintance with concrete roads 
has not got beyond the 6tnge associated with a "watering at the mouth’’ 
whenever the subject is mentioned. In so far as the road surface of 
bridges is concerned. — and here regrettably I must associate, myself 
with the remarks of Mr. Vipan and to some extent’’, with those of " 
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.Mr. Taylor also : we have sometimes used cement concrete for filling the 
troughs and providing the travelling surfaces but in many cases we have 
had unsatisfactory experience. The surface has gone to pieces under the 
destructive effect of steel tyred carts. In fact, in order that we could 
have some idea as to when it was necessary to renew the surface of 
the concrete road, we placed a fairly small mesh wire netting about 
inches from the surface so that this might be exposed when u*e were 
coming to the danger line in the slab. This is somewhat similar, 1 think, 
to Sir. Turnbull’s suggestion of putting down canvas. Personally, I 
attribute the failure of the bridge floors to bad workmanship or bad 
materials. Very likely it is often due to improper curing. There are two 
or three rather serious objections to the extensive use of cement in Burma. 
The first lies in the fact that cement has a very high market value owing 
to the passion which the indigenous population have of using it in the 
construction of pagodas. It therefore follows that whenever you use 
cement it is essential to maintain an adequate staff to supervise the 
work in order to see that the cement shall go into the work and not into 
the market. 

Another point is our difficulty with sand. I think this is a matter 
which is sometimes not appreciated by the men actually' in charge of 
construction work. Recently one of our officers took many samples of 
Burmese sand to England in order that they might ho tested under ideal 
conditions. If my memory does not fail me, I think the results of many 
of these tests made with the Burmese sand showed that the samples were 
frequently as much as 30 per cent, weaker than samples made with 
standard sand. It therefore follows that it is essential to take the utmost 
core in selecting the sand when you are considering the construction of large 
or even small concrete works. 

Mow, I would ask the authors of these papers kindly to come forward 
and answer the questions which have been raised. 

Mr. L E. Gieming ( Author of Pajicr Vo. ~) : Mr. Chainnan and 
gentlemen, Mr. Daniel raised the point as regards the width of the 
central portion between the creteways as being 7 feet G inches and 
considered that it seemed to be rather too narrow. Actually in the original 
plan the central width was to be 6 feet. Fortunately before the works 
were put in hand it was discovered that road roller could not work on a 
width of 6 feet and so it was increased to 7 feet 6 inches which is the 
minimum width required. That is all I have to sav, Sir. (Applause.) 

Mr. Chairman : Will Mr. Turnbull kindly come and answer the ques- 
tions that have been put this morning? 

Mr. W. J. Turnbull ( Author of Paper Ko. 8): Mr. Chairman and 
gentlemen, it will take me a considerable time to answer all the questions 
:n detail, and I suggest that with your permission this might he earned 
on by correspondence. During the time available I propose passing a 
few remarks on the following points. The question of the high cost of 
concrete road lias been raised and in this connection I may say iliat- in 
Bombay we have carried out some experiments on thin concrete road 
slabs. I would like to describe to you briefly the methods employed. 

One of the advantages of concrete roads lies in the fact that if 
properly designed it does not require a bnse, and can be laid directly on 
almost any subgrade so long as it lias a uniform bearing. 
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Most of tlio concrete roads in India t.r e kid on old well consolidated 
wftterliound roads and it lias long been felt that it might bo possible to 
utilise this existing wnlerbound macadam so ns to make use. of a thinner 
concrete slab than is customary; in other words, to malcc a thin concrete 
■crust net- in conjunction with the old base. In order to investigate this 
problem experiments were carried out in Bombay about n year ago on 
a short length of road carrying a traffic weight of about 100 ions nor 
yard width. 

The existing rond had about 0 inches of soling with approximately 
li to 2 inches of metal and the following procedure was adopted in the 
construction : — 

Preparation of ihv Bose. — The surface of the old water hound macadam 
was wire brushed and thoroughly swept free of all blinding and loooG 
particles to as to leave the metal protruding. 

A« fur as possible this brushing and cleaning was done with the surface 
in a dry condition. ' Any deep pvt holes or ruts were tilled in with 
metal to economise in concrete. The sides of the road were trimmed to 
give a depth of 3 inches of concrete, reducing to 2 inches about two feet 
from the edge. This is done to strengthen the sides 

The forms consisted of one line of brick on lint, laid with a 1.8 
cement mortar. The construction of the brick forms was carried on v.v'l 
in advance of the concreting operation and great care was taken to sc- 
that they were laid 1o the, correct line and grade on each side of the road. 

Thu next operation was that n 2 inches wire netting No. 10 gauge was 
placed ou the clean macadam and fixed in position with nails at about 
3 feet centres, so as to bo approximately in the centre of the 2 inches 
concreto surfacing. The wire netting was lapped about 4 inches at every 
junction and isoeured with wire tics. A neat cement grout of the con- 
sistency of thick creatn was then brushed evenly over the surface of the 
protruding macadam in order to bound the concrete with the existing 
metal. This application of cement grout is exceedingly important as it 
ensures the bonding of the crust to the existing metal. This cement 
grout should never lie more than two foot in advance of the concrete, 
otherwise it will dry out and be ineffective. 

Meanwhile the concrete was mixed ready for use in the following 
proportions : — 

1 part of cement, 

3 parts graded sand. 

A parts broken traps evaded from inch to } inch, 

51 gallons of water per bag of cement. 

■Several trial batches had to be made in order to adjust the ratio 
of the fine to the coarse aggregate in order to produce a readily workable 
mix. The concrete vns then deposited to an approximate thickness of 
2 inches and nt no point was the thickness less than 1-?, inches. The 
concrete was then brought to the required contour by monns of a wooden 
.tamper fitted with handles. This was shaped to the cross section of the 
road and strong enough to retain its shape under working conditions. 
Curing was subsequently carried out in the usual way. 
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That is briefly the method employed and the experimental length hat 
now been in service exactly ]!1 months. Actually we cmried out four 
different experiments, one with Xo. 0 }>. 11. , one with .‘1 inch wire 

mesh, out' with 2 inches who mesh, anil the fourth with he* dan or 
canvas. The section with Xo, 0 11. ]?. C, bn*, crached veiy badly; the 
It inches mesh has fiix transverse ernelm in Id'* feet; tli*» 2 inrlit *. mesh 
has two craehs ;it about 11.1 feet intervals wfule that i**inf*'i»*ed with 
hessian is a failure. The cost of the type of road I have just, ili«.eribed 
is approximately 15*. 18 per Him sipiai* feet in ll-unhay. Where r, Well 
consolidated waterhound macadam toad is in »*\hi«nre. it i“ possible that 
thin lightly leinfore'-d concret,. s-nrlaro may be an economical r •huioti 
where wheel loads ai<> not eMC'-rive 

Diirau IiahtnUtt ,Y. ,Y. .Jpimiu/ai • What abmt my ‘•ur**. ti.-.M " 

Mr. IT’, J. Turnbull' 1 d*> not l;n*>w uheth* • your *-u;*,;. si*. ,«• would 
work. It might, hr* worth trying 

Ditrut; Ilck'iihir X. X. .I.y,vi/r;ytr • 1*. r <•> ru'ral »s.*, f**r !i,**ht* ;• woric 
it i.s the only hope. 

('!. ii ; rm<i n ' Mr. Tnrnbutl will r* ] lv to the other qu«* .tinjw rei-*'d by 
correspondence 
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is 12 feet in which case no central loncitudinnl expansion joint would seem to be 
necessary, also in many eases the writer has noticed concrete roads of say 15 feet 
width with a central longitudinal expansion joint. This would seem to be unnecessary 
and Mr, Turnbull’s comments would be welcome. 

The Author's reply. — The questions raised by Mr. Gunnell are extremely interest- 
ing as they bring into prominence details which have of necessity been omitted in 
the paper. 

1 Gouge of aggregate' best suited for different thickness of concrete pavements . — 
It is" generally agreed that the more coarse aggregate that can be incorporated into tlio 
concrete mixture the grenter its strength and resistance to abrasion. The actual 
quantity is however limited by tlie workability required for finishing operations. 

.The following may be taken as sound practice for the maximum size of coarse 
aggregate in plain concrete slabs : 

Single Course. — One-third the thickness of the concrete. 

Two Course . — Top layer, half the thickness. Bottom layer, one-third the 
thickness. 

It is the author’s opinion that tho greater the maximum size of coarse aggregate 
that can be used the better. It is regretted that at the moment no figures arc available 
showing the density and strength of concrete mnde with different gradings of the same 
aggregates and cement of Indian manufacture. , 

2. Indian rapid hardening cements arc in effect ordinnry Portland Cements with a 
greater fineness of grinding. They acquire the same strength in three to four days 
as ordinary Portland Cements in 28 days. 

The term “rapid hardening” must not. be confused with “quick setting”, as Indian 
rapid hardening cements are all slow setting. 

A concrete road slab construct! d with rapid hardening cement could be put into 
service after o days. 

There arc no special precautions to be observed in the use of rapid hardening 
cement other than the following — 

(a) Store rapid hardening cement ill a dry place and use ns soon as possible. 
Owing to the extiemcly fine grinding it ir subject to the action of any 
humidity in the atmosphere. 

W U sn it in exactly tho same way as ordinary Portland Cement. 

A point that is not always realized is that due to iis fineness, it is rather 
lighter than ordinary cement and instead of tho customary BC pounds 
being assumed .is the weight per cubic feet, rapid hardening cement may 
he taken as 80 pounds per cubic feet. That is to say, when measuring tho 
quantities of materials, the ordinary I cwt. bag of standard cement which 
is assumed to contain 1-2 cubic feet, may he taken as 1-4 cubic feet, 
where rapid hardening cement is used 

(e) Use as little water for mixing as is consistent with workability. 

(rf) Mix very thoroughly. 

(c) Curo thoroughly for three days. 

The author’s opinion is that generally rapid hardening cement is not necessary for 
tlio construction of concrete rond slabs. However for the last sections of the slab, it 
may ho advantageous to uso it, especially for jv road that has to bo put into service 
as quickly as possible. It is particularly useful in tho repairs of trenches opened in 
concrete roads in busy Ihroughfaros. 

3. Longitudinal Floats . — These are common practice in Hyderabad. Stale but else- 
where in India there appears to ho a disinclination to use them, and where they have 
been tried, tho aveiago cooly finds them exceedingly awkward owing to their length. 

4. Side Forms . — The author is in full agreement with Mr. Gunnell ns to the 
importance of having carefully placed rigid side forms. In '>i« opinion n satisfactory 
road can only he built with carefully mid *truclural steel forms. Wooden 
forms warp after n certain amount of usage,* nnd this is reflected in tho finished surface 
of .the ro*d, 


Q‘ 
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5. Two Course Pavements. — The Calcutta Improvement Trust has probably carried 
out the largest programme of two course construction. Their practice as in Central 
Avenue, is as follows : — 

Top Course. — Thickness 2 inches. Coarse aggregate *f inch to 4 inch. Propor- 
tions 1: 1: 2. 

Bottom Course. — Thickness 5 inches. Coarse aggregate 14 inches to 4 inch. 
Proportions 1: 2; 4. 

6. Sodium Silicate. — Jvo data is available in India regarding the comparative rate 
of wear of concrete road slabs treated or untreated with sodium silicate. _ If _ good 
coarse aggregate is used, it is a moot point as to whether any surface application is 
necessary. The stone takes the wear. 

Whilst hardening of the surface does occur, there is no proof that there is any 
beneficial result on the concrete ns a whole nnd the practice is decreasing. 

7. Transverse Exjtansion Joints. — Mr. Gunnell mentions 100 feet intervals. This 
would necessitate an expansion joint J inch wide together with two intermediate 
contraction or dummy joints. Joints of this width i.c. f inch are not advisable. It is 
better practice to have them at 35 feet intervals and make the width £ inch. 

Longitudinal Expansion Joints. — Except in very wide city streets longitudinal 
expansion joints arc never used, and in the case of such streets the expansion joints 
are placed between the curb and the slab where they are out of the way of tile traffic. 
The type of longitudinal joint between adjacent slabs_ is known as a construction joint 
and is usually of the plain butt type — sometimes with dowels or some other method 
of transferring the load. A construction joint is necessary up to a width of about 
16 feet. 

Mr. A. W. H. Sean. — Do you recommend the. use of the bag of cement taken at 
1.20 cubic feet in proportioning concrete mixtures or the cubic feet measured in a box ? 

The Author’s Reply. — The bag of cement assumed to contain 1*2 cubic feet 
should always be taken ns the unit of measurement. A cubic feet of cement can be 
so measured in n box that the weight may be as low as 60 pounds. 

B. Replies to question raised in the discussion at the Congress. 

(The author in reply to the discussion wishes to express his appreciation of the 
contributions thereto, ns they indicate the keen interest which is now 
being taken in the problem of evolving an economical type of road). 

I. In reply to Mr. Hyde's question as to hexagonal hoop reinforcement the author 
lias had no practical experience of this and would not. like to express nn opinion until 
it has been investigated. Messrs. J. C. Gammon Ltd., hnvo laid several bridge road- 
ways recently and possibly a report could be forthcoming in time for next years 
Congress. 

II. Mr. Modak's questions are replied to as follows : — 

Concrete road slabs are designed for average traffic. It is the consensus of opinion 
that the fatigue behaviour under repetitions of flexural stress is the controlling factor. 
Tlio lastcst researches aro in practical agreement on the following which arc quoted from 
an American Authority. 

“1. When the stress does not exceed 50 per cent, of the ultimate strength or 
when safety factor is not less than 2 the concrete will stand a practically 
unlimited number of stress repetitions without failure. 

2. When the stress is lower than 50 per cent, of the ultimate strength or when 

the snfety factor is greater than 2, the repetition of stress is actually 
beneficial nnd strengthens the concrete. 

3. When the stress exceeds materially 50 to 55 per cent, of the ultimate strength 

of the safety factor is less than 2. continued repetition of stress will cause 
failure or breaking of the concrete. 

4. When the safety factor ranges . between 1 and. 2 the nnmber of repetitions 

required to cause failure varies with the number, decreasing ns the safety 
factor decreases. 

5. When there is a period of recovery between stress applications the fatigue 

action is minimized. 

6. There is a difference in the fatigue behaviour of concrete under repetitions 

of compressive and flexural stress, the action under flexural stress being 
the less severe for the same percentage of the ultimate strength. 



, In a pavement subjected to flexural stress, the resulting compressive and tensile 
•stress in the outer fibres of the slab are equal. The tensile strength of concrete is 
-only a small fraction of its strength in compression. Consequently when the flexural 
stress roaches relatively high percentages of the ultimate modulus of rupture the 
resulting tensile '‘stress is a high percentage of the , ultimate tensile strength, while 
‘the compressive stress is a relatively small percentage of the ultimate compressive 
strength. 

Therefore, "when flexural stresses amounting to moro than 50 per cent, of the ultimate 
modulus of rupture are repeated, the concrete becomes fatigued in tension, hue the 
•compressive stress remains below the fatigue limit in compression. 

All pavement slabs should be designed to carry the predominating wheel loads with 
-a safety factor of at least 2. By selecting a design fulfilling this requirement, an 
unlimited volume of such traffic may bo carried without fatigue of the concrete. Tho 
stresses nnd resulting safety factor for the assumed design should then be determined 
'for the infrequent heavier loads. 

The wheel load characteristics of traffic which a specific highway will be called upon 
-to carry after improvement may bo easily determined. A study of the area in which the 
"highway is located, tho number of each size of truck registered in tho area, the 
population density and the relation of the proposed improvement lo other highways 
will aid the highway engineer to make conservative nnd rational traffic predict ions. 
These predictions may bo cheeked by using well established traffic study methods 
involving inexpensive short traffic counts on improved roads of similar characteristics.” 

Rubber is not advocated for expansion joint material in India as in all probability 
it would perish. 

The curing period enn he reduced to three to four days by using rapid hardening 
-cement, therefore the very simple procedure of using this typo of cement for the 
last ten dnys work would remove the inconvenience which Mr. Modak has experienced. 

'• The author regrets he is unable to agree with Mr. Modalc’s statement that “concrete 
roads are not suitable for every or all kinds of traffic.” especially to when he menfions 
heavy steel tyred traffic. Present day practice in Indin indicates that cement concrete 
is the final resort of all engineers of any experience who nre faced with tho problem 
of providing an economical road surface which will withstand the destructive effect of 
the hullock cart. This is very evident from the fact that in many provinces, cement 
concrete haunches nre being provided for heavily trafficked roads to meet these condi- 
tions. 

Ilis remark anonl economy is somewhat difficult to appreciate, as the prevailing 
practice in the arterial roads in Bombay Municipality is to lnv sheet asphalt on 4 incites 
to 6 inches of cement concrete. Tho actual cost of this typo is about 40 per cent, 
greater than a cement concrete road and the average maintenance charges on asphalt 
in Bombay nre about twelve annas per square yard per annum, whereas on Argyl" Road 
•which is now four years old, it is doubtful if the maintenance has been one ann.t per 
square yard per annum. 

Mr. Module’s statement that the addition of a wearing carpet of asphalt to a 
-concrete slab increases the strength of the slab is somewhat surprising. Asphalt has 
practically no flexural strength. 

III. The following are the replies to hihnn flahaduT F nnujiii's questions : — 

The Khan Bahadur hns evidently misread my remarks as I stated "an economical 
-design of a concrete slab that will resist these forces.” His interpolation of 'lie word 
“aspect” somewhat niters the meaning. 

It is a simple matter however to consider the economical aspect of virions tejes of 
•roads. 

The basis of economical comparison can be taken as the average annual cost per annum 
-to the taxpayer, and a simple logical formula is ns follow : — , 

Where .- — 

C^I+i+M— S 
X 

C=Tho average annual cost per sq. yard per annum. 

I = The initial cost per sq. yard. 

i=T!io total interest paid on I say '5 per cent, during the life considered. 

M=The total maintenance nnd repairs to date. 

3 = The salvage value nt the ago considered. 

"N=Thc age of the road in years. 
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A more accurate discussion of the economics of proposed road expenditures wass. 
published in the Indian Concrete Journal of December 1935. , 

As regards actual design of the slab this is discussed very fully in "The Design and. 
Construction of Concrete Hoads’’ by R. A. B. Smith. 

In my reply to Mr. Modnk I have explained the part that fatigue takes in the • 
design of concroto road slabs. 

As regards slirinkago and expansion of the concrete slnb the statements in my paper 
have been definitely proved by many experiments carried out by reliable authorities. 

A 4 inches slnb is the minimum thickness that has been tried out in other countries, 
and in India the Khan Baltndur has probably bad more experience than others in tho- 
2 inches and 3 inches slabs constructed by him in tlio United Provinces. 

The longitudinal cracking in the short length on the Moghal Sorai-Benares Road ie - 
somewhat hard to account for, but may possibly be due to warping or non uniform 
foundation conditions as explained in my paper under ‘ ‘subgrade. ” 

The advantages of having a longitudinal joint ore : 

(«) Ease of construction especially with hand finishing methods, as the 20 feet 
tamper for tlio full width* is rather awkward for the average rooly to • 
handle. 

(6) It enables the road to be constructed in linlf widths — thus rllowing the traffic 
to use the road. 

(c) Owing to warping any road slab over 15' in width is subject to longi. .iclinal ' 
cracking. 

The question of longitudinal joints will be discussed in the author's reply to - 
Mr. Dean. 

Khan Bahadur Faruqni in commenting on joints is confusing two entirely different 
methods of laying concrete roads. In the United Provinces and Hyderabad* the roads - 
were laid in alternate bays, where expansion joints are not necessary. 

His statement that water cement ratio should be kept at a minimum is exceedingly 
sound, tlio basic idea pf this however is that excess water weakens the strength of 
the concrete and is conducive to segregation, the heavier coarse aggregates sinking io tho - 
bottom of tlie slnb. 

IV. Mr. Hurt's questions regarding the use of rapid hardening cement and silicate of 
soda have been discussed in the author’s replies to other delegates. 

V. -1/r. Macfarl one’s t/ucsiton. — Precast slabs have frequently been tried, but - 
owing to the numerous joints they have never been a success. The author does not 
recommend their use, except in very exceptional cases. 

VI. Mr. Daniel’s interest in this paper is exceedingly gratifying to the author, as 
Mr. Daniel’s experience in tho Chingleput experimental voad near Madras enables him ■ 
to speak with probably much more authority than anyone else in India. 

Tho question of design has already been discussed in my reply to Mr. Modal:. 

Regarding tho diagram mentioned by Mr. Daniel, it would appear that nc has - 
substituted the actual modulus of rapture in the formula whereas S = the allowable work- 
ing stress and equals half tho modulus of rupture. 

VII. With regai d to .1/r. Taylor's ex perienre with the appearance of sodium silicate 
eiirystals on the underside of the bridge roadway- -the author regrets he is iinnlde to * 
express an opinion without having investigated the phenomena personal 1 ;,’. In nil proba- 
bility Mr. Taylor's assumptions ns to the cause are correct. 

In reply to his question on the use of sodium silicate ns a curing e-’ent the following - 
extract from tho Journal of the American Concioto Institute is of interest with refer- 
ence to the results of n series of experiments on diffeieiil methods of Curing Concre.to. 

"From these results it would appear that the renting of Sodium Silicate wr.s of" 
little or no value as a means of curing ronciete 

The lowest strengths nt 3 months and one year were obtained with concreto - 
containing the 2 per cent, calcium chloride admixture cured in air the 
' sodium silicate and air cured cylinders which were from 45 to 55 per cent, of' - 

-that for water curing and about 60 per cent of tbnt foi 13 days moist 
curing nt these two ages." 



257 


VIII. In reply to Mr. Diem' 6 question s . — Experience indicates that the types of 
''longitudinal joints shown at the end of the author’s paper f a ^°r P a 6 e 2281 are quite 
'.effective. 

The dowelled joint with premoulded expansion joint material is possibly the best 
-type in use at present. It is exceedingly important to prevent the access of water 
-through the joints to the subgrade as it tends to reduce the support to the slab and 
-there is no evidence that any joint filler so far used has been effective under all condi- 
-tions. 

Most premoulded joint fillers at present in use have a bitumen matrix with or without 
-admixtures such as wood fibre etc., and are used in sheets. 

One of the latest experiments consists of a strip of annealed copper about 6 inches 
wide laid horizontally through the joint and provided with a small central corrugation 
■to take up horizontal slab movement. This type prevents the ingress of water to the 
isubgrade, but its life is unknown. 

The question of the amount of mixing water required depends on several factois but 
it generally between 5 to 6 gallons per bag of cement which should include all free 
-water carried by the aggregates. 

The water cement ratio law is one of the most important discoveiies of modern 

• concrete research, and may almost be termed a basic law. It has been proved that for 
-.any particular aggregates and methods of mixing, placing and curing, the strength of the 
resultant concrete depends solely on the water-cement ratio law, whereas economy 
"depends upon the amount of aggregate which can he added whilst maintaining the 
-consistency that rendei'3 the concrete workable. 

It is desirable to use a slightly oversanded mix in order to facilitate finishing 
••■operations especially > with hand finishing methods. 

The initial set of rapid hardening cement is the same as for ordinary portland cement. 

IX. The reply to Mr. G. Reid Shaw’s request for information on the subject of 

• concrete, is as follows : — 

’Light-weight concrete is made either by a chemical process or mechanically. The 
chemical method is based upon n reaction between an a'kabne metal and 
water when mixed with cement and other ingredients. The water is 
decomposed into its elements, the oxygen makes an alliance with the metal, 
and the free hydrogen creates little bubbles in the mix:. ire. which swells 
up to several times its original volume and then giaduallv hardens in the 
same way as ordinary concrete. It is possible in this manner to pioduce a 
concrete so light that a cubic foot thereof weights only 20 pounds At 
about 42 pounds per cubic feat, tha ultimate compressive strength averages 
400 to 500 pounds per square inch. 

‘ The texture of the material resembles cork. It has small and evenly distributed 
cavities, _ which make up 70 per cent, of its volume. Each one of these 
cavities is a closed compartment surrounded by thin walls, and this is the 
reason the material has such good insulating qualities. The material can 
be made in blocks or it can be cast in sitv. 

.Another advantage of expanded concrete is that it can easily b< worked with 
common wood-working tools. It can be sawn and grooves can be made in it 
for electric and other conduits. , 

Lightweight concretes are also made with breeze, clinker, or pumice as aggregates. 
To obtain a lightweight pumice concrete for use as filling, sand must rot be 
added. The densities of 4 to 1 pumice conciete with and without sand have 
been found to be about 98 and 85 pounds per cubic feet lespectively. 

X. Mr. K. G. MitrheJl raised a very interesting point regarding what would happen 
•if the concrete slab wore out. 

The customary procedure is to resurface with about 3 to 4 inches of new concrete, 
sometimes lightly reinforced with stool fabric. The use of cotton fabric to foim a 
-cleavage plane as mentioned in my introduction would probably facilitate any repairs. 

As regards the failures and successes of cement macadam, the one quoted in Mr. 
■Greening s paper has failed but 'this type of construction has been quite successful at 
Nagpur, Vellore, and elsewhere. It does however require verv careful supei vision and 
vlhe author preiers the all-concrete slab. 
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Mr. H. M. Surati (on behalf of the Author of Paper- No-. 9): Mr~ 
Chairman and gentlemen, there was some criticism about longitudinal'! 
joints and Mr. Dean has to some extent replied to that. We adopted 'longi- 
tudinal joints because we could not close the whole road and had to leave 
half open for traffic. And as a result of having a longitudinal joint we- 
avoided heavy tamping on longer widths with a camber of 2 inches. 
It is very difficult to keep the shape of the camber and to maintain un- 
even surface over the whole width of the construction, but with this 
centre joint we had only about } inch curvature and' the surface was- 
uniformly finished. 

Mr. Daniel wanted to know about the rapidity of our construction at 
Hyderabad. We actually found that the asphalt road took longer to 
construct than the cement concrete road. [Vide page 234, para. 16 (1) of.' 
Paper No. 9.] In regard to lime-concrete, it was only, an experiment and 
the idea was to reduce the cost, and when we find it is wearing we shall 
just give it an asphalt coating. Of course we found it wearing, but not 
so badly as the asphalt surface, the lime concrete serving as foundations.. 
Somebody asked about the mixing. The mixing was done by machine. 
We found hand mixing was not so uniform in quality, at times being very 
dry or not properly mixed. Mr. Dean wanted to know about cuts. We- 
are cutting our cement- roads; for all services we cut our roads with' 
chisel and hammer and again repair it in the usual way. In the case of" 
an asphalt road w e found that it was difficult to keep the cut to the- 
same shape, but cement concrete cutting remains to the same shape. 
That is all I have to say. 

Chairman: Now, gentlemen, I would ask you all kindly to accord a. 
most hearty vote of thanks to the authors of these three most interesting; 
and instructive papers, and also to all gentlemen who have taken part 
in the interesting discussion. After which I shall ask Mr. Hyde kindlyv 
to take this Chair. 


A vote of thanks was passed with acclamation. 

Mr. H. A. Hyde M.C., Chief Engineer , P. IP. D., Central Provinces,. 
then took the Chair, 

Chairman: Gentlemen,, before we break off this morning I want toi 
take the opportunity of proposing a very hearty vote of thanks to Mr. 
If. G. Mitchell for the very great trouble he has taken and the great 
amount of work that he must have undertaken in getting up and r unnin g, 
this Congress. (Applause.) I did not take part in the tour myself but. 
I understand from those I have spoken to about, it that it went like 
clockwork from start to finish, (Applause) and that every possible- 
arrangement was made, not only to show you interesting work but for 
the convenience and personal comfort of all taking part in the tour. 
There is no difficulty whatever in realizing the' very great amount oP 
• work necessary to run a congress like this, and I' want to just repeat; 
that we all appreciate it very much indeed and to ask you for a hearty 
•vote of thanks to Mr. Mitchell. (Applause.) 

A vote of thanks to Mr. If. G. Mitchell was carried' with acclamations 
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Mr. K, <?. MUchell : Mn Chairman and gentlemen, I thank you very 
much. It has been a certain amount of trouble but it has also been a 
very great pleasure, and if it results in &ome permanent organization for 
the future, then what little trouble there has been will have been well 
worth while. I may say I do not think Mr. Hyde is quite fair. This is 
the second time he has sprung this on me in two days. (Laughter.) 

Chairman : We meet again at half past two. 

The Conference adjourned till 2-30 p.m. 


The Congress re-assembled after Lunch at 2-30 p.m. with the Honour- 
able Mr. D. Gr. Mitchell, Secretary to the Government of India in the 
Department of Industries and Labour, in the Chair. 

The following Eeport of the committee appointed on the first day was 
taken into consideration: — 
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Report of the Provisional Committee of the Indian Roads Congress. ' 

The first meeting of the Indian Roads Congress appointed the 
following committee to report upon the necessity for an organisation 
of a permanent Indian Roads Congress. 

Provinces. 


Mr. 

A. Yipan. 

Madras. 

Mr. 

L. E. Greening. 

Bombay. 

Mr. 

D. J. Blomfield. 

Bengal. 

Mr. 

C. F. Hunter. 

United Provinces. 

Mr. 

S. G. Stubbs, O.B.E. 

Punjab. 

Mr. 

0. H. Teuion. 

Burma. 

Mr. 

N. G. Dunbar. 

Bihar and Orissa 

Mr. 

H. A. Hyde, M.C. 

Central Provinces. 

Mr. 

B. F. Taylor, V.D. 

Assam. 

Mr. 

G. A. M. Brown, O.B.E. 

North-West Frontier Province. 

Mr. 

A. Brebner, C.I.E. 

Central Public Works Department. 


Indian States*. 

Rai Bahadur A. P. Varma. Patiala. 

Diwan Bahadur X. N. Ayyangar. Mysore. 

Mr. P. L. Bowers, C.I.E., M.C. Jaipur. 

Business. 

Mr. H. E. Ormerod. 

Col. G. E. Sopwith. 

Mr. G. G. C. Adami.t 

Military Engineering Services. 

Major W. B. Whishaw, M.C., R.E., Engineer in Chief’s Branch. 

2. The Committee met at 6 p.h. on Monday, the 10th December, 
Mr. Hyde being in the Chair, and now reports as follows. 

_ ’Two additional representatives of Indian States, vis., Rai Bahadur S. N". Bliadurf 
(Gwalior) and Mr. M. A. Zeman (Hyderabad) wera subsequently eleoted vide page 
288.'-, v 

fMr. C. D. N. Meares has since been appointed in his place. 
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highly 


desirable to 
Hoads 


Necessity for some permanent body .—It i 
constitute a permanent body which mnv be called the Tnffian 
•Congress. The objects of such a body should be: — 

To provide for a regular pooling of experience a 
ideas on all matters affecting the construction and maintenance of 
roads in India; to recommend standard specifications: and to provide 
for the expression of the opinion of the Bond Engineering profession on 
matters affecting their work. The functions of such a body should be 
strictly confined to professional and technical matters. 


and exchange of 
and maintenance of 


Qualifications for membership.— Subject to the specific or general 
approval of the General Committee, membership should be, open to all 
professionally qualified Engineers engaged or concerned in the con- 
struction and maintenance of roads whether in public or private emnlov. 
The standard of professional qualification should be not less than that 
required for direct recruitment (o the rank of assistant Engineer in a 
Provincial Service. The General Committee might al«o admit persons 
holding the rank of Assistant Engineer in a Provincial Service or 
equivalent rank though not qualified by examination. In addition the 
professional members, non-professional gentlemen closely concerned or 
-interested in roads should he admitted as associates. 


Subscriptions.— There should be only two classes of constituents, 
namely, members and associates. The subscription should be Rs. 10 
per annum for members and Pis. 50 per annum for associates. 

6. Privileges of constituents. — • All members and associates should be 
un an equal footing as regards attending ,uid speaking at meetings, 
subject to the necessary arrangements regarding travelling allowance. 
All constituents would receive copies of the printed proceedings of 
annual 1 Congresses and such other literature as may be circulated. It 
must be recognised that for the nwjoritv the benefits will be confined 
to the receipt of the proceedings and other literature, although it is to 
be hoped that n large number of those in the Province in which the 
annual Congress is held will he nble to attend Any member or 
associate should bo at liberty to submit a paper for discussion. The 
acceptance of Papers will vest in the General Committee, but the General 
Committee might find it necessary to delegate this matter to provincial or 
State committees. 

7. Attendance at meetings. — The attendance of public servants at 
■annual meetings of the Congress will depend upon the arrangements 
for finance. Tn any event they will be nominated by the local Gov- 
ernment or by the provincial committee. Non-official constituents will 
attend at their own expense or at the expense of their principals. 

8. 'Management. — -Hie management of the Congress should he in 
the hands of a General Committee and Provincial or State Committees. 
Tho funds and property of the Congress should vest in the General 
Committee. 


(a) General Committee . — The General Committee should be con- 
stituted as follows: 

(i) The . Chief Engineer in charge of roads of each Gcu emoi s 
Province or his nominee. 



(ii) The Chief Engineer of the Central Public Works Department..' 

(iii) The Consulting Engineer to the Government of Indias 

(Roads). 

(iv) Five representatives of States to be elected by the re- 

presentatives of Statqs present at each annual meeting. 

(v) Three representatives of non-official members and associates. 

elected by the non-official members and associates present 

at each annual meeting. 

(vi) One representative of the Military Engineering Services. 

The Consulting Engineer to the Government of India (Roads) 1 
would be ex-officio Secretary of the General Committee. 

(b) Provincial or State Committees . — Provincial or State Com- 
mittees should be constituted by the Chief Engineer ;n charge of roads 
in each Governor’s Province and certain States and should consist of 
officials and non-officials. The precise strength of the Committee and 
the representation of the official and non-official constituents to be- 
determined by local considerations. The Chief Engineer in charge of 
roads in each Governor’s Province and in each State in which a Slate 
Committee is constituted should nominate a Secretary from among the- 
members of the Committee. 

9. Finance. — It is difficult to estimate to what extent subscriptions- 
will cover the cost of printing, postage and clerical assistance. Member- 
ship may take time to grow and the Government of India should be asked 
for a .lump sum grant from the reserve in the Rond Account to cover 
any deficit there may be during the first year or two. The largest item 
of expenditure will, however, be in connection with the travelling and 
halting allowances of delegates attending the Congress and in respect 
of the hire of transport for tours of inspection. The Committee fully 
recognise, the force of the argument, that the benefits of the Congress 
will accrue almost entirely to Provinces and States in improved and 
more economical roads. They also recognise the difficulty with which 
the Government of India will bq faced in continuing to bear the whole 
cost of the Congress which is uncovered by subscriptions, if local Gov- 
ernments and States are unable to endorse the value of the, Congress by 
bearing the expenses of sending their delegates to meetings. They feel, 
however, that the reserve in the Rond Account constitutes a special fund 
— a fund which local Governments have not got — specifically intended to 
stimulate research and intelligence. They consider that those objects 
would be admirably served by such a Congress and that the saving of 
a duplicate experiment which the Congress should effect would alone 
be a justification for this expenditure from the reserve. They under- 
stand that the cost of the present Congress, including the tour, will 
amount to about Rs. 25,000 and they observe that this is equivalent to 
a grant for the construction of half a mile of experimental concrete 
road. In the present state of financial stringency, they do not think it 
reasonable to ask Provinces and States to defray the cost of their 
delegates. As already stated, Provinces and States have no funds 
specifically earmarked for such purposes and for the present at least 
many of them might be impelled to decline to meet this expenditure. 
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not because they doubt its efficacy, but because as a matter of general’’ 
prin'ciple they have still to abstain from any additional expenditure how- 
ever small and however beneficial until their budgets are balanced. It 
may be suggested that the expense involved could be met from existing* 
budget provisions for travelling allowances of road departments, butr 
the Committee feel that that budget provision has already been reduced to 
a level at which adequate inspection is difficult and 'that, to draw upon* 
that inadequate provision for relatively expensive journeys outside the 
province or State to attend annual meetings of the Congress would be- 
a disservice to the objects of the Congress. They therefore recommend' 
that for the next two years the Government of India should, in con- 
sultation until local Governments and States, continue to defray the- 
cost of these, meetings and they suggest that the approval of local Gov- 
ernments to such a course would be sufficient justification seeing that 
money not expended in this way would ultimately go to road authorities- 
in some form or other,. . Failing this they recommend that the Govern- 
ment of India should permit local Governments to defray the cost of 
sending delegates to the Congress from tlieir shares in the Road 
Account. 

10. Place of annual meetings. — The Congress should meet in a 
different Province or State each year by invitation from the local Gov- 
ernment or State concerned. 

11. First General Committee. — The constituent Committee appointed" 
to report should, if the Congress is constituted, continue to hold office 
until the next annual general meeting. 

12. Constitution and bye-laws. — If the Congress takes permanent 
shape, it will be necessary to have a written constitution and bye-laws. 
These cannot he drawn up until the main lines of the future constitu- 
tion and finance have been accepted by the Government of Tndia in 
consultation with local Governments. Moreover, it is not possible for 
the constituent Cammittoe in the short time nt present available to 
attempt to draft these. It null therefore be necessary for the Com- 
mittee t-o meet, nt some future date for this purpose. It is observed 
that the General Committee will not normally meet, save at the lime of 
the annual Congress, but that on this occasion this will involve certain 
non-recurring expenditure which will presumably have to be defrayed' 1 
from the reserve in the Road Account. 

13. Sub-Committee. — The General Committee has accordingly- 
appointed certain Sub-Committees, to undertake certain necessary work 
during the current your and to report to the General Committee, as- 
follows: — 

(a) Drafting Committee — 

' Mr, A. Brebner. 

Mr. C. F. Hun tor. ' 

Rai Bahadur A. P. Vnrma, 

Mr. K. G. Mitchell. 
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This Sub-Committee will deni with the drnffc constitution and bye-laws 
*and will also act as a rending committee to accept papers for the next 
^Congress. 

• (b) Technical Sub-Committcc — 
f Mr, G. G. C. Adami. 

Mr. S. G. Stubbs. 

Major W. B. Wbishaw. 

Mr. K. G. Mitchell. 

This Sub-Committee will be instructed to deal first with the question of 
^standardisation of units of weight and measure and of nomenclature. 
;It will consider what technical questions are most urgent and suggest 
subjects for Papers at the next Congress. It will also act as an advisory 
r research committee to recommend lines of further research and experiment. 

14. Venue of next Congress. — The Committee consider that the 
-Governments of Madras and Mysore should be approached with the 
suggestion that the next Congress should he held at Bangalore and 
.should include tours of inspection from that centre of roads both in 
Mysore and Madras. Failing Bangalore, the Committee consider that 
the next Congress should be held either at Madras or at Calcutta 

• subject to the approval of the local Government concerned.* 

DISCUSSION. 

Chairman : Gentlemen, I understand that you have all been given 

• copies of tho very useful report submitted by the Constitution Committee. 
Unfortunately, through sheer lack of time, they have not been able to 
complete the whole duty placed upon them, but they have given us a 
.very clear lead and I think we should be able to come to some final 

• decisions this afternoon. I propose to begin with asking if anybody has 
any remarks to make on the genera] aspects of the proposal, the general 

-desirability of this Indian Bonds Congress. Thereafter I propose to go 
•through the paragraphs of the report one by one and call for remarks on 
-each. Would anybody like to say anything on the general proposal for 
.-having a permanent indian Bonds Congress. 

Mr. D. J. Blom field : With regard to item 3 of the report of the 
Committee, the necessity for a permanent body, I think we all agree that 
this first meeting of the Indian Bonds Congress has convinced us of the 
.necessity for a permanent body; for, not only will it be of great value 
to us individually as engineers, but also of great value to the Provincial 
•Governments which many of us represent. It will save Government a 
very great deal of duplication of experimental work on roads as well as 
keep them informed of the failures and the successes of the various treat- 
ments of ronds. I have always thought it was a great pity that wo are 


*An invitotion to hold tho next. Session of tho Congress at Bangalore ha*> since been 
received from the Government of H. H. the Maharaja of Mysore nod lias been accepted 
'■by the organizing Secretary on behalf of the Congress. 

tMr. C. D. N. Mearo3 of the standard Vacuum Oil Company will serve on tho 
'Technical Sub-Committee rice Mr. G. G. C. Adami. 
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nimble to eee.ar.d hear xnore of what other provinces are doing in roadr 
TjvoTk, 6 and tbe creation of this body will certainly enable us to remedy 

this defect. „ _ *„ 

■Ibeie is ona point which I would like to bring up which I do not, 
think has been considered m the Committee, that is that if one or more- 
members of each Provincial Government receive the proceedings and: 
supers of the Congress will they be entitled to have these reprinted for-- 
distribution' amongst other engineers m the P. W. D.? If so, there will 
be no object in those other officers joining os members themselves except 
possibly when the Congress is held in their province. I think Ibis is an 
’important point which we did not take up in the Committee. 


Mr. B. F. Taylor : I should like to say, Sir, at once, on behalf of the- 
- delegates from Assam that we are firmly convinced that a Congress of this, 
nature cannot but. be of the greatest benefit to the profession in India 
fl nd in particular to Assam. We are. extremely grateful, and should like- 
. to place on record now' our appreciation of the manner in which the Gov- 
ernment of India have launched this Congress (Applause), and for the- 
very generous financial assistance they have given to it. Assam, where- 
welcome from, the Government of India have been good enough to label' 
as a ‘backward tract,-’ or any how large parts of it. Well, I think it is - 
'a bit hard to be told you suffer from malnutrition by the fellow who is 
picking your pocket and preventing you from being anything else. I refer • 
of course to the fact that the Government of India take the whol e of the 
excise duty on kerosine and petrol produced in Assam. But, whether or- 
not we are a ‘backward tract’, 1 can assure you that we engineers who 
bav e "to make bricks without 'Straw” definitely feel that we are members - 
of the “depressed classes”. As our resources are very limited, it cannot 
but be of great good- to Us to visit other provinces and to hear from 
engineers of other provinces what tliey are doing with tlieir larger resources - 
and the better opportunities they have for trial and experiment, and a 
Congress such as this cannot but be of great benefit. It is all very well 
tfi vend papers, if one has the time to read, which I fancy most of us 
have not. and it is still more difficult to write them, but to my mind the 
value of assembling like this lies not in the reading but in the discussion 
which follows, and still more in meeting the people who have written the 
papers or criticised them personally, and also in seeing the actual results - 
which the papers describe. I therefore think, and I do not suppo-se 
anybody here holds any other opinion, that this must be of inestimable 
value, . aD( f I think it is up to us, apart from passing resolutions and 
a opting the Committee’s Report, to snv what we think most emphatically 
and definitely. I. . therefore beg to support the proposal for an annual' 
ongicss with all, the emphasis I can command. (Applause.) 


r> T ' O' H. TcvJon': Mr. Chairman and gentlemen: The Government 
■B ’ -] U ™ a aa 8 committed itself to support the proposal to constitute the- 
trait , n f! ess ® that it has permitted Wo delegates to attend the recent 
sn-riiJ i ^ on gr6ss. The attitude of the local Government is neces- 
amra,n C + °W'^ tlle approach of separation and this involves a certain 
tiona ' 'A of outlook towards India's problems an ^ orgamsa- 

tlian a . r ® au ^ °f attending this first Congi-ess, I am more convinced 
upon ° &e- advantages to he pained bv establishing the Congress- 
tL pl!l eririanent Noting. I take the view 'that the opportunity which 
Rrcsg affoids of the interchange of ideas and the facilities it gives. 



3or coming into personal contact with engineers and business represen- 
tatives is of great value to the local Government. Upon my return to 
Burma I propose to recommend to the local Government that it gives it 
wholehearted support to the permanent constitution of the Congress. 

- (Applause.) 

The Hon’ble Mr. E. Miller : Mr. Chairman and gentlemen: On behalf 
-of the Indian Hoads and Transport Development Association I should like 
.to give our hearty support to the proposal before us. In fact we consider 
that it is a definite step forward in the progress we are aiming at, namely, 
road development and co-ordination. (Applause.) 

Mr. A. Vipan : Mr. Chairman and gentlemen : My own personal opinion 
is that an organisation such as the one now contemplated is essential. 
We, in Madras, feel that in regard to the problems of modern road 
construction having regard to the present day requirements, we are 
groping to a certain extent in the dark. For that reason and with a view 
to economise, the Indian Hoads Congress, when permanently constituted, 
will fill a real need. (Applause.) 

Iiai Bahadur A. P. Varma: Mr. Chairman and gentlemen: I should 
like to associate myself with the remarks of the previous speaker, $ on 
behalf of the various States. They have all asked me to express this 
opinion and they all whole-heartedly support tho idea of the permanence 
•of this Congress. (Applause.) 

Chairman : Gentlemen : From the favourable tone of the speeches that 
we have heard and the representative character of the speakers, I think 
we may take it that the permanence of this body is a proposal to which 
we all agree. (Applause.) 

Chairman : The discussion so far has covered the first part of para. 3, 
tho previous two paragraphs require no discussion. Perhaps some 
members would like to soy .something regarding tho objects of the Indian 
.Hoads Congress as defined in para. 3 of the report. 

(No comments.) 

Paragraph 4 . — No comments. 

Paragraph 5. — No comments. 

Mr. A. IF. H. Dean: May I ask if the Committee considered the 
-possibility of having a third class of subscribers, namely, a corporate 
•association of business firms. The International Hoads Congress caters 
for that. 

Mr. K. G. Mitchell : I think this subject was not very much discussed 
•as far ns I remember. Mr. Hyde was in the Chair. I think this matter 
was in our minds but we considered that membership should be individual 
and not corporate. It is very difficult to define the status of a Corpora- 
tion and how many people from it can get in. 

Mr. H. A. Iiydc : The idea was that the membership should be on an 
-individual basis. 

Chairman : Perhaps the sub-committe e might further consider this 
-point as opinion lias been expressed in favour of corporate membership. 

Paragraph 6. ■ 



Major W. B. Whishaw : I suggest that -the last few lines are unneces- 
sary and may be deleted, namely : ‘ ‘ but the General ■ Committee might 
■find it necessary to delegate this matter to provincial or State committees." 

Chairman: Is it agreed that the closing worcls in the 6th paragraph 
be. deleted? 

Mr. A. W. H. Dean: Does the question of "copyright” arise under the 
heading ‘privileges of constituents’? I mean to say that nobody should 
be allowed to further publish the papers. 

Mr. K. G. Mitchell: I think the Drafting Committee will have to 
•consider all these details. What I think we had in mind was — and this 
will also meet to some extent the question raised by Major Whishaw — that 
the proceedings would be on sale. But naturally the price of the annual 
proceedings would be substantially more than the annual subscription. 
If they were on sale, presumably they would be under copyright subject 
to the general permission of the Committee to reproduce them for any 
special purposes. But that is rather a detail which will have to be 
gone into. 

Chairman: Paragraph 7. — No comments. 

Paragraph 8. 

Major W. B. Whishaw: I suggest that under paragraph 8 (b) we 
should add Baluchistan. 

Chairman: That is a point which the sub-committee will take note 
of and deal with. 

Mr, A. S. de Mcllo : I suggest that the number of representatives 
under sub-para, (a) (v) be increased to 5, so that opportunity might be 
given to those who use the roads to be represented on the Committee. 

, Chairman: That is another point which 'I think the sub-committee 
■might take into consideration. 

Mr. P. L. Bowers: Regarding sub-para, (iv) of para. 8, I would 
suggest that such States ns have got a large mileage of roads should come 
on it without being voted for. Por instance, if we make the limit between 
2,000 and 3,000 miles or more, such States should be treated as a province 
and their Chief Engineer should come on to it without being voted for 
•by the other States.. 

Chairman : That is another point on which the sub-committee will 
have a certain amount of deliberation. 

Paragraph 9. 

Chairman: The Committee has said all that could be said about 
para. 9. I eannot talk on behalf of the Government of India but can 
•only, give you my own views. I think this proposal null be favourably 
considered, hut you must always remember that the man who pays the 
piper calls the tune. I hope myself the Government of India will not 
be too particular in their specifications bufl think they are quite likely 
■to have something to say about the length of the tune. In other words, 
it is extremely unlikely that we will give any indefinite pledge to pay 
•the expenses of anybody who chooses to come. There must obviously 
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be a limit, but in other respects I thin k- I may say on my own behalf 
that the proposal will be given very favourable consideration. (Applause.) 

Paragraph 10. — No comments. 

. Paragraph 11. 

Mr. A. S. de Mello : I suggest that the first general committee should 
have power to co-opt members. 

Chairman : A point arises from the constitution of the first provisional 
committee which has three members for the States. I understand that 
for the final Committee it is proposed to have Eve members from States. 
Perhaps the meeting would agree now that for this committee which will 
hold office for the nest year the representatives of States should also be 
five. Is there any objection to the proposal? 

(No objection was raised.) 

Then we may take it that for the nest year — the committee will 
consist of 5 representatives of Indian States. I leave it to the delegates 
from the States to appoint the two extra members, which I presume they 
will do in the course of the afternoon and intimate them to the Secretary.* 

Mr. D. Macfarlane : I should like to make an inquiry just out of 
curiosity. I have no fixed ideas myself on the subject. I want to know 
whether the technical committee who are going to decide on the papers 
that are going to be received have formed any idea themselves yet as to 
the limit and scope of papers. This is an Indian Roads Congress but at 
the same time in our tours we were shown, and we were very glad to 
see it too, certain cases of bridge construction. Are we going to allow 
papers on bridge construction, arboriculture and various other sub-heads 
which are connected witfi roads. I have no ideas myself on the subject. 

Mr. H. A. Hyde : Bridges would certainly be included. 

Mr. E. G. Mitchell: I do not think the technical committee would' 
necessarily limit the papers. I think our idea was to suggest the most 
urgent matters on which papers would be received. That would not pre- 
clude any body from writing any paper which concerns roads, which he 
thought would be of interest, including bridges. All that the technical 
committee did was to suggest certain subjects on which it was very 
necessary that we should have papers. 

Chairman : This matter may he safely left to the discretion of the- 
committee itself. 

No remarks on other paragraphs. 

Chairman : That concludes the deliberations of this afternoon. On 
your behalf, I would like to thank the members of the committee for the 
very useful work they have put in in connection with this report. I hope 
the labours of the sub-committee will be successful and that they will- 
come to satisfactory conclusions. 


Mr.. C. D. N. M cares theri invited such of the delegates as were inter- 
ested in the subject to inspect the soil stabilization work that was 
being carried on at the junction of Badli Boad and Kamel Boad. 

*Rai Baliadur F. HT. Bhaduri (Gwrlior) and Mr. M. A. Zeman -were elected ns the- 
-two additional representatives of States. 
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Chairman-. That concludes the deliberations of this Congress. I hope 
you have enjoyed your tour and the Congress jsince I think some members 
expressed a Tote of thanks to the Government of India for putting up 
the money. I think I shall be able to assure the Government of India 
that the money appears to be extremely -well spent. ■ * 

A vote of thanks was proposed to the Chairman and then the Confess 
dispersed. 


It 
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APPENDIX A. 


INDIAN HOADS CONGRESS TOUR. 

The following left Delhi at 11-35 on the night of Tuesday, the 4th December, by a 


specially chartered tram. 

Mr. A. Vipan, Special Enginocr for Road 
Development, Madras. 

Mr. D. Daniel, District Board Engineer, 
Tinncvelly. 

Air. L. E. Greening, Deputy Secretary, 

P. W. D., Bombay. 

Air. N. V. Alodak. City Engineer, Bombay 

Corporation. 

Mr. D. J. Blomficld, Chief Engineer, 

P. AY. D., Bengal. 

Air. V, A. Stein, Superintending Engineer, 
Calcutta, 

Air. Prwnatha Nnth Do, District Board 
’ Engineer, Burdvran. 

Air. S. S. Bhagat, Executive Engineer, 
Meerut. 

Mr. A. Eastmond, AI.C., Executive Engi- 
neer, Agra. 

Mr. S. G. Stubbs. O.B.E., Superintending 
Engineer, Ambala. 

Air, S. Bashirnm, Executive Engineer, 
Ambala. 

Air. 0. H. Toulon, Chief Engineer, 
P. AV. D., Rangoon. 

Arr. H. Hughes. Superintending Engineer, 
Rangoon. 

Air. J. G. Powell, Chief Engineer, 
P. AY. D. , Bihar and Orissa. 

Air. N. G. Dunbar, Deputy Chief Engineer, 
Patna. 

Captain G. P. Hail, AI.C., Superintending 
Engineer, Aluzafiorpur. 

Air. P. A r . Chance, Superintending Engi- 
neer, Raipur. 

Mr. B. E. Taylor, Y.D., Offg. Chiof Engi- 
neer, P. AY. D., Assam. 

»ir. G. Reid Shaw, Superintending Engi- 
neer, Shillong. 

Mr. K. E. L. Pennell, Assistant Chief 
Engineer, Shillong. 

Mr. S. N. Chakravnrty, Municipal Engi- 
. neer, Delhi. 

Air. A. Croad, Superintending Engineer, 
Central P. AV. D., Delhi. 

Air. A. AY. H. Dean. AI.C., Executive 
Engineer, Central P. AY. D. 


Mr. AI. A. Abbassi, Assistant Engineer, 
Central P. AV. D., Delhi. 

Lt.-Col. E. 1 1 . Farloy, AI.C., R.E., C.R.E,, 
Lucknow, 

Air. H. AI. Surati, Divisional Engineer, 
Roods, Hyderabad (Deccan). 

Diwan Bahadur N. N. Ayyangar, Chief 
Engineer and Secretary to Government, 
P. \V., Railway and Electrical Depart- 
ments, Alysore. 

Rai Bahadur S. N. Bhaduri, Chief 
Engineer, P. W. D., Gwalior. 

Arr. G, B. E. Trnscott, Chief Engineer, 
Travancore. 

Rai Bahadur A. P. A r arma, Chief Engineer, 
Patiala. 

Mr. S. G. Edgar, Superintending Engineer, 
P. AV. D., Jodhpur. 

Afr. D. G. Sowani, Executive Engineer, 
Kolhapur. 

Air. D. A r . AV. Ottloy, Chief Engineer, 
Patna (Orissa Slate). 

Air. G. G. C. Adami, Burma Shell Com-* 
pany, Calcutta. 

Mr. n. E. Ormerod, A r ice-Prcsidcnt, The 
Indian Ronds and Transport Develop- 
ment Association. 

Lt.-Col. H. C. Smith, O.B.E., AI.C., 
JI.L C.. General Secretary, The Indian 
Roads and Transport Development 
Association. 

Mi AY. J. Turnbull, the Concrete Associn 
tmn Bombay. 

Air. '1 C. Msrsehalko. Texas Company, 
Bombay. * 

Mr. AA'. H. Kerr, Shaw AVallacc and Co., 
Bombay. 

Air. Nurmahomed AI, Chinoy, The Bombay 
Garago, Bombay. 

Mr. AY. H. Rowlands, Burnish Shell Com- 
pany, New Delhi. 

Mr. R., AY. Parkhurst, A.AI.I.E., Anst., 
(Trinidad Lake Asphalt Operating Co., 
Ltd.. Sydney, N. S. AY.). 

Air. K. G. Jlitcliell, C.I.E., Consulting 
Engineer to the Govt, of India (Road e ). 
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■to Government, Punjab, Mr. G. H. Hunt, M.C., Under Secretary to Government, Pun- 
jab, and Mr. W. Brodie, Bnrmah-Shell Company, Karachi, joined the party at Amntsav 
and Lahore. f 

3 On arrival at Amritsar the party was mot by Mr. Mactarlane, Rai Bahadur Lala 
••Sant Bam, Superintending Engineer, Mr. L. A. Freak, Executive Engineer, and Lala 
Behari Lai, Assistant Engineer, and after a short visit to the Golden Temple IMt for 
Lahore inspecting the Grand Trunk Boad from Amritsar to Lahore, Mayo Road, 
the Mall at Lahore, and a short portion of the Multan Boad, particulars of which 
•were furnished by the Punjab Government ns follows : 


Wednesday morning, Decemuer the 5th. 

I, Grand Trunk Hoad — Amritsar to Lahore. — This section of she Grand Tumk 
"Road connects the two largest citios in the Punjab. It is, thei-efore, of particular 
interest to Engineers as it is subjected to very heavy and fast moving traffic, the 
intensity of which gradually increases towards Lahore where it reaches a figuro of 56D 
tons per yard width per day. 

With the exception of the portions in the vicinity of Amritsar ^tnrl Lahore the width 
of this section was originally the same ns that of the remainder of the Grand Trunk 
■Road, i.c., 12 feet. It lias recently been increased to 20' and is the cnly continuous 
stretch of road of this width in tho Province. This increase is a very great improve- 
ment both in convenience and safety to traffic, especially during wet weather, as 
vehicles can now pass or overtake one another without, having to go on to the berms. 

The road throughout consists of water bound limestone macadam, surfaced with 
-Shalimar Tar, the specification for the latter being as follows per 100 sft. of snrfatc : — 

1st coat . . . Shalimar Tar Xo. 2 .... 28 lbs. 

Grit (IT— 3 c.ft. 

2nd and subsequent Shalimar 'Tar No, 2 . . . , 14 lbs. 

coats. 

Grit {g'— f") 1}-— 2 o.ft, 

Many of the miles have not been reeonsolidated since 1927, while tar surfacing is 
renewed on an average once every 18 .months. 

Within about 9 miles from Lahoro :(\vhcrc arrangements have been made by the 
'Dunlop Rubber Company for a demonstration of a pneumnlie-tyod bullock (.nil it 
will be noticed that owing to tho existence of brickfields there is r. large increase in 
traffic of heavily laden bullock-carts. These with their iron-tyred wheels cause heavy 
wear, more especially on tho loft hand side of the road. Owing to this and the other 
heavy traffic, funds recently been allotted for increasing tho width of the road from 
20* to 30' between tlio Shalimar Gardens (mile 306), and the Railway underbridge (milo 
309£) and the work is abput to commence. 

The short length of the heavily trafficked one way passages through the Railway 
underbridge has recently been reconstructed with reinforced cement concrete (1 :2 : 
2jr) of 7' r -5"-S w -7' T soction and tar surfacing which appears to be standing up very well. 

11 .'Mayo Hoad . — This road which is the main route between the Railway Station 
and Lahore Cantonments is subjected to very heavy traffic of all descriptions witli tlic 
exception of . brick-laden bullock-carts. Tho absence of this latter type of traffic as 
compared with tho Grand Trunk Road is evidenced by tho increased life of tho road 
which has not been rcconsojidated sinco 1925 but is resurfneed with tar on an 
•average once a year, tho specification being the santo as quoted above. 

HI* The Mall. — This is t.ho most fashionable nnd heavily trafficked thoroughfare of 
Lahore. No bulloek-carts of any description arc allowed to use it with tho result 
that it has not been found necessary to rcconsolidate it since its first reconstruction ns 
long ago as 1916. It is resurfaced with tar on an average every second year. 

IV. Multan'. Hoad . — This is another 'instance of n road which is subjected to heavy 
wear through incoming brick-laden bullock-cart, traffic. Work is about to start (with 
a 50 per cent, grant-in-aid from tho Reserve of the Central Road Fundi on a 
7 wide cone rote track on the wesl side of tho road to which, it is hoped, tho 
incoming oart traffic will be entirely • confined. Tho work is in tho nature of an 

U 2 
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experiment, and should it prove successful tv similar track will probably be provided ok 
the east side at a later date. It would have been preferable to adopt the same 
procedure with regard to the widening of the Grandl Trunk Road referred to above,, 
but the cost is prohibitive at present being approximately four times that of a 
surfaced water bound macadam road. 

ft 

4. The whole party was then entertained to lunch' by the Hon ’Me. Sir Jogendra 
Singh, minister of Agriculture who, after lunch, welcomed them, in the following 
speech : — . 

I 

G'cntlemen, It gives me great pleasure to welcome you all here today and to be- 
the first person to wish the Indian Roads Congress all success on the occasion of its- 
first gathering. I feel that the inauguration of this Congress which has brought toge- 
ther eminent engineers and public men, marks an epoch in the history of road' 
development in India. I know, we owe it to the energy and enthusiasm of Mr. 
Mitchell that this Congress has met. He and I have worked together in the Punjab 
and I know how anxious he has always been to weave a web pf communications. I 
remember asking him to make a start by inducing the District Boards to begin with 
10 miles of hucha motorable demonstration roads. It was not hong before we had 
graders working almost in all the districts. The Buildings and Ronds Branch now 
maintains good hucha service roads, where cars can travel at least at the rate pf 40' 
miles an hour. 

I cannot help feeling really proud that your organising Secretary has relied on the 
principle that "first impressions are always the best" by selecting the roadn of 
this Province for yonr first tour of inspection. He has been travelling throughout the 
whole length and breadth of India and he naturally knows the state of road 
development in other Provinces better than I do, but if latter myself that he has 
chosen us, not because he himself is a Punjab Engineer hut because he realises that 
here indeed you will have an opportunity of seeing the results of a well considered’ 
and well regulated programme of road development. 

We can, with some pride, say that the Punjab has endeavoured to meet depression by 
overcoming it by carrying out such measures of development as its finances permitted! 
From 1926 onward we have added 1074 miles of metalled road and 563 miles of 
nnmetalled road. I wish I could have added many more thousands of miles and' 
connected up every village. It seems to me that if wo are to undertake the opening 
out of village communications the whole road system of a district should come' under 
the Buildings and Roads Branch. I am considering the possibilities of making am 
experiment in this direction. 

We have done something in the matter of planting road-side trees. Our engineers 
are beginning to take a pride in their roads, and I am sure in a few years they will 
make our roads as attractive as possible. There is no reason why footpaths should not 
run nndcr the shade of trees and foot passengers should not use these in preference, 
to the hard surface of the road. 

You Engineers are inclined, and quite naturally, to regard the Finance Department 
as your worst enemy, especially in times of financial stringency like the present and' 
you probably find it difficult to impress on the man in the street that it is only the 
want of money that prevents you from providing the whole country with “Brookland 1 
Tracks”, but you are always, or nearly always, on a sound track if you can imbue 
your Finance Department with the Bookies’ Motto that ‘‘if yon want to pick it up- 
you’ve got to put it down”. In this respect yon will find that wo have succeeded to 
some considerable extent. By persuading the Finance Department to "put it down’’ 
in the shape of money for surface treatment, we have enabled them “to pick it up” in 
savings on maintenance, and our only grievance is that they are Teluctant to allow us 
to help ourselves to the “pickings” for further road development. The “pickings” are 
indeed considerable. As an instance I may mention that the maintenance of the road 
which you will see this afternoon has been reduced from Bs. 3,056 per mile before 
1931 to Rs. 1,252 per mile since the completion of surface treatment. The extent of this 
saving throughout the province may be well imagined when I saj that not only 
the Grand Trunk Road has now been surfaced from end to end' throughout the 
Province but out of 2,719 miles of metalled roads we have tarred 2,123 miles aud 
only 596 miles remain- to be treated which we hope to complete in less tnan 2 years. 

I say this because, with the all too short a time which you are SDending with us, ' 
you vriU be seeing only a very few samples, and the more suspicious of you may 
think that we are showing you only the best ; but I can assure yon that this is not 
the case and that the samples which you are seeing are typical of til our roads. 
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Road development needs funds and though at present 'the Government of India 
have not recognised the tax on petrol as a Provincial, excise, collected at the Centre 
for the use of Provinces I can reasonably hope that as finances improve, the Govern- 
ment of India -would pass on to the Provinces tho whole of tho revenue which motor 
traffic yields. Our province gives an income of Rs. 28,36,030 as fellows from rural 
motor buses and. doest not include town motors : 

- Rs. 


'Central , t • 24,24,000 

Provincial 1,51,500 

Xocal 1,00,080 

Miscellaneous ........ 1,51,500 


28,36,080 


'The Road Fund which yielded a little over a wore in 1925 now yields crores, 
showing an increase from 10 to 20 per cent. 

With the introduction of tho Central Road Fund we are all inclined to regaid tho 
■Government of India and more especially Mr. Kenneth Mitchell as our “Fairy 
•Godmother” but I suggest, now that you are all together for tho next few dayB, by 
force of numbers yon will persuade him to bo a bit moro liberal with his presents. 
I suppose yon know that the 2 annas petrol tax (wolcomo as it : si is a drop in tho 
ocean compared to tho amount that tho Government of India get in imports and excise 
from tho motoring public of all our Provinces. Wo feel that far from looking a gift 
horse in tho mouth we are justified in claiming a regiment of horses (in spite of the 
fact that horses don’t like tarred roads !) tho Government of Indio in ±a25-26 realised 
•only a revenue of 97 lakhs from exciso and custom duty on petrpl, now they get 4 
•croros and 44 lakhs. 

As a layman I have no intention of dealing in technicalities beforo a gatlior-ng of 

• experts but I would make one suggestion at tho risk of offending nuy representative 
•of foreign manufactures who may bo present, and that is that in your searchings 
-after knowledge you should endeavour ns far as possible to concentrate on indigenous 
.products of which there are many, and. avoid the employment of imported preparations 
.at tho oxpense pf tho Indian markets. 

In conclusion I wish you all success on your tour and your subsequent discussion 
in Delhi and I hope that this will bo tho first of a long useful series of annual 
. gatherings. 

6 . Mr. Macfnrlane then gave the party tho following brief additional account of 
-certain aspects of roads in the Punjab. 

Our object in taking you along tho Multan Rond this morning was to show you an 

■ example of the serious problem with which wo aro faced of devising some form of road 
which will cater for heavily brick laden bullock traffic. 

Our attention was recently invited to the successful treatment of the main road 

• outside the railway station nt Lucknow and Sir Jogendra Singh and I made a special 

■ inspection of this road at tho kind invitation of tho Chief Engineer, United Provinces. 

The road,' which is about two miles in length, is subjected to very heavy traffic 
-and in many ways resembles the road which you have just seen approaching the Lahore 
railway station from Amritsar. It is actually 40 feet wide and when it was found 
necessary to renew the outer portions which had been subjected to very heavy wear 
and tear by bullock cart traffic they were replaced with cement concrete and it is found 
that the bullock cart traffic now rigidly adheres' to these tracks which are 10 feet wide, 
leaving a contro of 20 feet for fast moving traffic. 

It appears that the lesser tractive resistance, combined . with the lighter colour of 
•the cement, is an inducement to tho bullocks to adhere to the tracks and travel ono 
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behind the other in a straight line. I confess I was inclined to be sceptical about this- 
and to believe that the picture which I was shown by the Cement Marketing- 
Company of India as illustrating this was a fake, but our inspection definitely belied 
this. 

We, therefore, intend to follow- the example of the U. P. on the Multan Boad, but, 
as we have succeeded in getting a 50 per cent, grant from the Reserve Fund solely on. 
the ground that it is an experiment, the Government of India have agreed in the first 
instance to our constructing the track on one side only for the incoming traffic and 
seeing what happens. 

On the advice of the Chief Engineer, U. P., wo are, however, reducing the width of 
the track to 7 feet on the ground that this is sufficient, provided that the bullock 
carts follow one another and do not wander about the road. 

I do not propose to enter here into the details of the construction beyond saying 
that we propose to construct it with six different specifications and that the* question of 
sub-grade on a high made up embankment is one which requires some thought. I 
purposely refrain from going further in this not only for want of time, but because 
I see that there are several papers on this subject which will come up for discussion in, 
Delhi. 

To continue with the subject of bullock carts, proposals have been considered from 
time to time for the construction of entirely separate tracks for bullock carts parallel 
to main roads on the other side of the tree avenues, but these are very expensive 
involving entirely new bridge and culvert construction. 

Also it must be realised that unless these tracks are metalled and tarred the dust 
nnisance is likely to be even greater than it. is at present, specially with a light wind' 
blowing across the road, and it is doubtful whether the inconvenience to traffic now 
caused by bullock carts adhering to the tarred surface is not counterbalanced by the- 
dust nuisance when they travel on the berms. It wonld be interesting to know what 
experience other provinces have in this respect. 

On our way into Lahore this morning we saw examples of pneumatic tyred bullock 
carts. I am sure you will agree with me that their universal adoption would solve one 
of our most difficult problems. 

The Lahore Mall is an excellent example of a road which is confined to rubber 
tyred traffic and which in consequence has not been remetalled for nearly 20 years. 
Unfortunately I personally can see no way in which bullock cart owners can be induced 
to use rubber tyres unless perhaps the larger municipalities can be persuaded to- 
encourage their use by inflicting a heavy wheel tax on carts which have not got them. 

In the small descriptive pamphlet which will bo handled round before yonr ton* 
on December 8, I have referred briefly to the wavincss of the Lyallpur Boad between- 
Buckeki and Shahdara.* This is an interesting feature to which I would invite the 
special attention of the members. 

Before the introduction of surface treatment, roads were reconsolidated every 4 or 
5 years depending on the rate at which they wore out. It followed, therefore, that 
there was a natural tendency for the road crust to increase in thickness as the years- 
went on, but even where the surface has been scarified s any unevenness due to previous 
settlement of the sub-grade has been corrected with new consolidation. 

Now, however, once a new road has been constructed and treated with tar or any 
jther surface treatment, it is seldom, if ever, reconsolidated. Any settlement in the- 
sub-grade due to subsequent traffic or any other cause, therefore, remains as a 
permanency which it is impossible to cure without entire reconstruction. 

The section to which I have just referred is a notable example of this and I am not 
it all sure that ono of the remedies does not lie in constructing the brick soling coat 
as far ahead as possible and allowing the traffic to pass over it for a year or so before 
the wearing coat is added — at any rate in cases where the traffic is not excessive. 

“We have in the Punjab experience of certain cases where work has been stopped 
on account of financial stringency after soling coat only has been completed. Thus 
there are 3 miles of brick soling coat near Harike which has been done since 1930 and 
with the protection of a light layer of earth has shown practically no signs of wearing. 


*Vide para. 16 on page 281» 
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On the other hand, in a similar case in thB Southern Punjab between Hissar and' 
Sirsft where the soling coat has been, open to traffic since 1929 it has worn very un- 
evenly'and very badly under fairly heavy lorry traffic and it is now a matter of urgent 
necessity to finish o££ the wearing coat otherwise the soling coat will have to bp entirely- 
replaced. ' 

One item of general interest to which I would like to invito your attention is that 
of our efforts to cater for the convenience of the motoring public with regard to mile- 
stones, direction posts and so on and, although some of the engineers here present may 
have nothing to learn from these efforts, I hope I may be excused for referring to- 
them: 

In the first place we have earned the gratitude of the motoring public in recent 
years by turning all our milestones at right angles to the road, with distances marked 
clearly on both sides. Originally, these milestones were parallel to the direction of the 
road and although they were of use in old days when travelling in a tonga, they were 
very difficult to distinguish from a fast travelling car and it was quite impossible to 
do so at night. 

I well remember the intense boredom not many years ago of doing a 100 mile drive 
at night without having the faintest idea where I was and being redneed to stopping 
, every now and again to turn my head-lights on to a milestone. 

You probably all know, the old chestnut about the man who asked the speed' 
merchant who was driving him why he was being taken through a graveyard and 
received the reply : Those aren’t tombstones they are milestones. Well, we cater for 
that type of driver by having especially large triangular milestones every 10 miles. 

Then, again, opportunity has been taken of utilising empty tar barrels as parapets on 
curves. These have been whitewashed and are visible from a considerable distance 
with the head lights of a car anti have been very instrumental in reducing accidents. 
The roads in our province are monotonously straight and drivers are often apt to get 
drowsy even in the daytime and are caught napping when after a long and straight 
stretch the road suddenly takes a bend. 

1 can remember that before tar barrels were available, I personally started the 
practice of whitewashing the dress on the outer side of the curves and was under the 
impression that the idea was entirely my own, but shortly afterwards when tonring 
in Prance I found that this was tho regular procedure along the routes nationale. 

As regards direction posts, we have our own standard design of concrete post and 
signs, but we have recently made an arrangement with the A. A. N. I. who are 
displaying considerable activity themselves in this direction. A standard design has 
recently been drawn up, embodying our own concrete posts with the yellow enamel 
metalled sign boards supplied by them. They contribute to the cost of erection of 
these posts, the maintenance of which remains with us. 

Their activities are of course mainly confined to the principal towns, but they are 
given the option of combining with us in the arrangement when any new sign-posts 
are to he erected. Experience has shown that the standard design still leaves a certain 
amount to be desired and as the arrangement has only just recently come into force 
members will not have had much opportunity of seeing the results on tho route which 
they have hitherto traversed. I should greatly appreciate any advice on the subject. 

We have had , difficulty in tho past with ‘kacha’ and unsightly sign-posts erected 
along our roads by local bodies and we have found that the only satisfactory solution 
is to take the law into our mpi hands and remove them and replace them with our 
own design. 

A certain amount has been done with reflex signs for night traffic but these nro 
of course very expensive. Moreover, as they have to be fixed at a low level to show 
off with a car head lights they have become disfigured by malicious people and in some 
cases the lenses have been stolen. 

Aftor crossing the Ravi Bridge this afternoon a largo signpost will be seen at 
Shaliadra which was specially designed by the Superintending Architect and which 
is electrically lit at night. ’ 

I "would like to close by repeating what Sir Jogendra Singh has said about the 
pleasure which your visit is giving us and the pride that we feel that our province 
has been the first to be selected for your inspection, We are, I think, justly proud 
of our 2,700 odd miles of metalled roads and of the fact that 85 per cent of their 
length is surfaced. At the same time we realise that we have still a lot to Jearn and 
it is for this reason, amongst others, that we appreciate your visit and will gladly 
welcome in the courso of our subsequent informal meetings ■ any criticism or advice 
which any of you will kindly give. 
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6. Mr. 0. H. Tuelon, Chief Engineer, Surma, proposed a vote of thanks on behalf 
•of the members to Sir Jogendra Singh and Mr. Macfarlane in the following terms : — 

Gentlemen, As one of the representatives of the most distant Province of the 
Indian Empire, and one that is likely shortly to cut adrift from that Empire, I have 
been given the privilege of proposing a vote of thanks to our most kind and thoughtful 
host the Hon’blo Minister for Agriculture Sir Jogendra Singh for the way in which 
he has attended to our intellectual and physical well being. 

When in April 1933 I was sent to the Road — Rail Conference at Simla I had the 
pleasure of listening to Sir Jogendra Singh's eloquent speeches made in the interests 
of the Government he serves so well. One could not listen to those speeches withont 
becoming deeply interested in all that was being done in the matter of developing 
•communications in the Punjab. 

I never expected however that I should one day have the opportunity of seeing for 
myself the works of tho Punjab Engineers about which I had heard so much. 

I must own that when tho proposal to hold an All-India Road Congress was first 
suggested we iu Burma were inclined to think that the conditions in that Province 
would make it impossible for delegates from Burma to attend. Howover thanks to 
the genius of that Master of Co-operation and Co-ordination, Mr. K. G. Mitchell, the 
difficulty lias teen overcome by tho Central Government coming to lho rescue of the 
Provincial Governments in the matter of providing funds to cover tho cost of the 
T. A. of ihe official delegates. 

It is in concequenco of this that I now find myself proposing our most grateful 
thanks to our kind host the Hon'blo Minister for the cordial manner in which he has 
entertained us anti to Mr. Macfarlane and his Staff for the trouble which they have 
taken in showing us so much of the road work in the Province. 


The health of Sir Jogendra Singh was drunk with musical honours. 


7. At about 2-30 p.m. the party left Lahore for Kathala and arrived there between 
4 and 5 p.n. Rai Bahadur Sant Ram, Superintending Engineer and Mr. R. L. Sondhi 
Executive Engineer, accompanied tho party up to ICathala. The special train left 
Kathala during the night. The following information was furnished in respect of this 
section of the G. T. road. 

Wednesday afternoon, December the 5th. 

Grand Trunk Hoad, — Lahore to Kathala . — At mile 0 opposite the Government 
College where several roads meet an experiment is being made with an island platform 
to regulate the traffic. The proposed platform has so far been delineated with tar 
barrels only with a view to watching tlio effects. The Punjab Government has under 
consideration a pioposal for the erection of such island platforms elsewhere in Lahore 
and other centres with a view to reducing the number of constables on point-duty. 

After passing the* now Lady Willingdon Maternity Hospital and the Fort (on the 
right) and tho Chota Ravi, a separate water bound macadam road will be seen on 
tho left for bullock-cart and animal traffic. From tho end of the track to the Ravi 
bridge the catfle traffic is, at times, extremely heavy. 

The River Ravi is crossed by a road bridgo shortly after leaving Lahore. Tho 
width of this bridge between wheelguards is 18' only and is far too narrow for the 
congested traffic; but unfortunately the design of the main girders docs not permit 
of further widening. The bridge was constructed in 1914-15 and replaced an old boat 
bridgo further down stream. It consists of a water bound lar-surfaccd road on iron 
troughing supported on 97' span lattice girders, tho piers being supported on single 
octagonal brick wells sunk to an average depth of 70' below bed level. 

After passing Shahdara (with Jehangir’s tomb in tho distance on the right) tho road 
is reduced to its normal width of 12 feet. It consists throughout of water bound stone 
macadam with tar surfacing. In certain isolated lengths experiments have been made 
with emulsions but no conclusive results have been drawn. Tho tar surfacing is 
renewed on an avorage about once every 18 months. 

The traffic on the 40 mile stretch between Lahore and Gujranwala is very intense 
reaching as much as 350 tons per yard width per day in the vicinity of Gujranwala. 
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The soil in • many portions of this section is very sanely and impregnated with 
-saltpetre, i.'onsiderabla difficulty is, therefore, experienced in maintaining the berms 
■in a satisfactory condition. This is particularly evident between miles 16 and 20 in 
the neighbourhood of Muridko where the sudden drop from the metalled edge to the 
level of the berm is considerable and Is a source of danger to fast moving traffic. 
Successful experiments have been made in miles 63 and 64 by providing a layer of good 
firm earth watered and rolled, but the cost is too high to enable this procedure to be 
followed throughout the entire length of the road. 

The metalled surface in tlio last furlong of mile 43 has been provided with brick 
•edging to give a uniform appearance. This costs about Us. 400 per mile and the 
practice is being continued in cases of now construction elsewhere. 

The road bridge across the Chennb River is met in mile 65, i «., shortly after 
passing Wwirabad. This bridge was completed in 1922 and replaced the old train 
ferry.' Its constiuction marked the completion of through bridged communication 
■between Delin' ar.d Attock. The width between wheel-guards is 22 fee t and the traffic 
facilities offered by the additional width of 4 feet to that of tha Ravi Bridge is very 
■noticeable. The roadway consists of precast reinforced concrete slabs 6 feet 'n length 
resting direct on cantilovcrcd rolled steel beams supported on lattice girders 142' c to 
c. The piers are supported on single circular brick wells sunk to an average depth of 
•90' below lied let el. 

8. The party arrived at Attock station at about 9-15 where ‘bey were met by Mr. 
W. T. Evcrall, Deputy Chief Engineer, Bridges, Mr. A. S. Hay, Executive Engineer, 
Bridges, and Mr. W. E. Gelson. Assistant Bridge Engineer, N”. W. Rly ; and nlso 
<by the following cfficors of the North West Frontier Provinco : 

Mr. F. H. Burkilt, Chief Engineer. 

Mr. A. Oram, Superintending Engineer. 

Mr. G. A. M. Brown, Superintending Engineer. 

Capt. Lang Anderson, R. E. 

Capt. J. R. L. Owen, R. E. 

Cap:. Robinson, R.E., and 

Rai Sahib L Kirpa Ram, Assistant Engineer. 

Mr. Everall very kindly explained to the party the reconstruction and rcgirdcriug of 
fho Attock Bridgo, with the assistance of a model and photographs, as follows : 

. “The reconstruction of the Bridge was undertaken during 1925 — 29. The original 
bridge was designed by tho late Sir Guilford Molcsworth and was completed in 1883. 
'Tlio photograph [not printed] shows the structure as it was prior to 1925. The bridge 
was supported on steel trestle piers founded on tlio bed rock and on masonry abutments. 
Massive masonry cutwaters were provided on tho upstream side of the trestles to 
protect them from floating debris during tho periods of high water. The photographs 
•on tho board show in a general way how tho original bridge was erected. Tho three 
'250 feet land spans wore built from direct staging and tho two 300 feet river spans 
wero erected on timber fan staging nsing the weight of tho adjacent land spans for 
•counterbalance. 

Railway and Rond traffic had so increased by 1921 that the steelwork was already 
-overstressed under tho comparatively light trains then in uso and could not safely deal 
with modern main lino traffic. Reconstruction of the bridgo was therefore taken in 
'hand towards the end of 1925 and was completed in tho autumn of 1929. The streng- 
thening scheme consisted of the replacement of tlio two river spans by new steel main 
•girders erected outside the old ones and supported on concrete piers bulk up round 
tlie old trestles. The girders nro spaced at 28 feet centres and the clearances are such 
tiiat a double tracl: can be provided at a future date by duplicating the girders and 
rearranging the railway flooring -system. For tho three 250 feet spans tho old main 
girders yore converted to continuous girders by tlio erection of a central pier at each 
span, reinforcing the members where necessary, and remodelling the floor-system to suit 
the new loading. 

I propose to describe the foundation and pier work first. Tho construction of the 
c oundati'ins for tbo pier in midstream which rests on a partly submerged island pre- 
dated the most difficult problem connected with tho sub structure work. It was 
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nolved by first constructing a cofferdam of 15 y 5 steel sheet piling on the submerged! 
portion of the island. Soundings revealed that no lateral support could he obtained- 
for those piles from the rock hod ns the rock profile is extremely irregular. An inner 
and an outer shell of piles divided into chambers filled with cement concrete was 
therefore used and a system of steel framing sewed as a guido and lateral support for 
the inner rov. of piles. This frame was boltod to a plate girder 54 ft. long which was 
connected to 4 anchors deeply embedded in concrete. While these sheet piles were being 
driven, exc nation for a largo part of tile foundation of the pier was proceeding, It 
was eonsiila’-od that to attempt, to excavate the whole area of the foundation simul- 
taneously might lead to the sudden collapse of the coffcr-dnm which, when foundation 
lovel had boon attained, would he subjected to a pressure head of 8 to 9 ft. of water. 
The excavation was therefore carried on in 6 ft. strips working from the outside 
towards the centre of the pier. Altcrnaio strips wero excavated, and a chamber nttlio 
end of each strip was provided with a pair of vertical grooves so that, should any serious 
leakage occur through the cofTer-dam, n shutter could ho let down into them and plugged. 
Two largo rcntrifngnl pumps were used to test the coffot'-daro for wntortighlness, and' 
after certain subterranean channels had been plnggcd with concrete, the cam was 
dewatered and the cement concrete was placed up to the level of the pirr base. Features 
of this work me shown in the model. 

Cement ot Indian manufacture whirh complied with the British Standard specifica- 
tion was used Throughout the work. Sand was obtained from Lnwrenrepur. 21 miles 
front Alto"k, a® the local sand is nnsuilaltle. On ncconnt of the la r gc quantities of 
sand, shingle and broken stone required for the work, chutes wore erected at each end' 
of the bridge. The aggregates were loaded in hopper-trucks, ntid full train loads v.erc 
convoyed to the bridge site and unloaded through these chutes which were *-o designed 
that by manipulation of trap-doors sand and roarso aggregate could lie. discharged in 
separate heaps Cement in hags wa«- also dealt with by chutes in dry weather. The 
excavation fat the piers was earned down well into the lied rock and this was fillcd- 
wifh 1 :21 *:5 cement concrete with 15 per cent of boulder plums The foundation' 
for the i line new intermediate pirrs built tinder the centre of the three shorter spans 
and those for the 2nd nnd 4tli main piers presented no difficulty. The pjcr supers- 
tructures aic built with an outer skin of precast cement conrrete block' in one ton- 
units mad? at 'ite in special bloekvards on both river hanks with a hrnrtingof 1:3: 

6 ma's com ret" containing thirty per cent of boulder plum'. Temporary jib crane' 
nttaclied to the girder end posts nnd worked by pnrmnntir power were used for hoisting 
materials for nioi construct ion 

Regarding the steelwork — the three shorter spans were converted into continuous 
girders, the central re-action being settled and adjusted experimentally by means of 
Calibrated Hydraulic .Tacks nnd the new crntral bearings were set -it such an elevation 
that the total shear due to dead load, live and impact wn' redistributed so as to 
minimise the necessary stiffening of tho web members towards the er.ds of *ha spans 
which .veic supported by direct staging of standard interchangeable type during tho 
time the main girders were being remodelled. Only the rail flooring system required 
strengthening o:i these spans which was done by reinforcing the existing cross girders 
and replacing the rail hearers. 

Krcctian of tve veu: COO ft. river span* hy cantilcrering carh hnJf rpnn— The anchor 
anns for canhlcvei ing the shore ends of each span were provided by the adjacent land 
spans. The other ends were erected from the island pier so that cne half balanced tho 
other during election. Temporary connections between adjacent spans were made by 
rteclwork specially designed nnd fabricated to l.e immediately available for new nunll 
railway bridge spans on completion of the Attnrk steelwork erection. Two special 
bridge erect : ni: cranes operating from the railway track on the Ad girders were used 
lor building the cantilevers, which wore erected connected at mid man nnd converted 
to simple trusses before the old work was iut.-rf.rrd with. The complete main span 
in the model shows the old ipan still in place 'r- - r’o the new structure. 

Having reached the stage when llic new mn : n girders and gross girders had been 
assembled, the weight of the old spans was trar.-ferrrd by jacks to the new work 
and tho old rail hearers were replaced bv now nre« The old steelwork was then 
cut into convenient lengths, when top booms and wol> system were removed, leaving 
only llic old bottom booms nnd old roadway. All this work was dene under traffic 
during restricted periods when the bridge was blocked for the passage of trains. 

I will now describe how the new - highway floor was erected on this main liver 
spans. Owing to the volume of road traffic it wn« possible to block tlie road on the- 
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■bridge for only '3 consecutive hours during daylight, and this period was chosen to 
coincide with the longest blockperiod tor rail-traffic. A general arrangement of the 
scheme for changing the highway floor is shown on the tracing. Two movable steel 
ramps with trough and timber decking were erected on the old highway over the 
island pier during the night, uhen the bridge is closed to road traffic. Each lower 
chord of tho old spans was divided into five sections by cutting out the livets in four 
main joints, some of the holes being refilled by service bolts. The ramp on one main 
span was rolled back during the first road block far enough to disclose the first section 
of old roadway which was then freed from the adjacent flooring. Two 25-ton cranes 
lifted the first* section of old floor to tlie level of the temporary ramps. Tlic new road 
stringers were then skidded laterally into their final position on new road cross frames 
under the old roadway, and the weight of the raised section of old roadway was 
transferred to them,, by temporary packings. The handrailing and wheolguards were 
then made goad to pass traffic until the next block, when a similar section of the other 
mniu span was dealt with in the same way. The road-troughing was slid into position 
from outside, and the concreting was carried out under the old work. Tho old roadway 
was then finally removed in sections the ramps being rolled towards each other nnd 
finally fleeting again over the island pier. 

Tho concrete i Midway was mado up in sections 6 feet in length and the full width 
of the roadway, the joint between adjacent sections being filled with mallhoid fnbric. 
It was found necessary to linlit tlic length of the conercto sections owing to the 
tension ami dynamic effects set np by tho bottom chords due to passing trains. 

This is a rnattc' of some interest for bridges carrying combined loads nnd where 
the roadway is suspended from the bottom chords, because, if the concrete is mado 
iu sections of loo great a length, we have found that tlic concrete invariably cracks, 
and there is an example of this in tho flooring of tlio first span whore wc started off 
with the slabs of a considerable length with the result that concrete sections are badly 
cracked, but aftei reducing the. lengths to a matter of some 6 ft. to suit the centres 
of the existing cross girders, no further trouble was experienced. 

The concrete surfacing is of 1: 2: 4 proportion. It was mixed in 1/2 yard Ransome 
Air Driven machines erected on temporary platforms nbovo tho piers. Tlio concrete was 
conveyed and deposited by hand and cured for 14 days. 

FLOODS. — In tho latter part of tho summer of 1928, when tho son-ice staging was 
completely erected under the 257 ft. spans, the great Sbyolc dam glacier, situated in 
‘-he Karakoram inngc of hills, some 600 miles from Atlock, was n ported as being in 
imminent danger ot bursting, and it was expected that the release of tho pent-up 
water would give a rise of 30 feet at tlic Atlock Bridge. 

The staging under the 257 ft. spans of the bridge was therefore dismantled in July. 
High floods did not however occur that season ; but it was realized that the dnm 
Yrould probably fail during the following summer, nnd tlic work was arrnnged with tho 
object of completing tho wholo of tho girderwork during tho low-water season between 
October end April, and removing nil tlio staging and erection-gear out of the danger 
zone, before the. river began to rise. Tlio steelwork for the now 304 foot spans arrived 
at site in Octobe.t nnd November, and the main steelwork was evccted and riveted 
and the erection gear and temporary strncLuio wore removed from the flood-nrea zone 
before ihn end of March, 1929, 

Tho glacier dam broke during August, 1929. It was approximately 4,000 feet long 
and 490 feet high, and had' formed a lake 12 to 14 miles long and ranging from 1 to 3 
miles wide. The flood reached Atlock in tho early morning of tlio 18ih August and 
rose to a height only 2/ feet below tho previous maximum recorded level of tlic 
29th July, 1882, with a discharge of 841,478 cusccs and a mean velocity of 16 feet 
per second. On the 28lh and 29lh August, floods in the Indus valley synchronized with 
floods in (he Kabul and Haro rivers, with the result that at Attock the water lose 
41 feet nnovc the oi dinary monsoon level and 61 foot above the >ow winter level; this 
le 6 feet above any previously recorded height. During the period of maximum dis- 
charge holli tli" Haro and the Kabul rivors wero also in high flood, nnd considerable 
heading np of the water occurred in tho gorge, ns tho Haro river runs in lower down. 
The F.xcculive Engineer of the Discharge Division of the Punjab Irrigation Depart- 
ment estimated that., w-lion the river was running at its maximum on the 23lli August, 
ihe discharge was 817,000 msecs, and an average velocity of 13.2 feet per second. The 
afflux at piers Nos 2 and 3 W 3 s 5 feet. 



280 


■While the river was in high flood, the bridge was being tested by trains running 
*up to 40 miles per hour. The contour of the nose of the piers causing an afflux of 5 
feet proved very successful in deflecting large floating timbers, which scarcely cams 
in contact with the piers. 

An ibuormal flood in the Indus took place in June, 1841. Captain Mackesen, then 
Political Officer at Peshawar, reported that rumours were prevalent that the course 
of the Indus in the mountains in the regions of Nanga Parbat had been interrupted 
by a landslide : and, although the discharge was abnormally low, little credit was 
attached to the ramours. However, between the 10th and 12th June of that year, the 
river broke through and a lake 40 miles in length, 1,000 feet deep, and several miles 
in width was released in 48 hours. All the country near the Attock gorge, to 40 miles 
away and within 10 miles of Peshawar, was overflooded, and the river was reported 
to have risen 80 feet in the Attock gorge. Many towns .and villages were completely 
swept away, and there was a heavy loss of life. 

The entire work was carried out by the Bridge Branch of the North Western Bail- 
way and the Executive Engineers in charge were Mr. T. Bingham, from commence- 
ment until March, 1928 and from that period until the completion of the bridge in 
August 1929, Mr A. S. Hay who is with us to-day. Mr. Qelson, who is also here, 
was the engineer in-charge of the erection of the steelwork. 

A word about the cost of the work, which totalled nearly Rs. 25-00 lakhs, divided 
•as follows : — 

Lakhs. 

Pier work 10-25 

Girder work. ... 11.00 

Tools and Plant 1 • 75 

General charges 1-90 

The total test was slightly in excess of the original estimate. 

_ A few copies of my paper No. 4767 which was read before the Institution cf tho 
'Civil Engineers (London) on the reconstruction of the bridge, are available with me 
for distribution if any members cure to have them.” 

9. After Mr. Everall’s lecture the party went down the river bed and inspected the 
concrete work and foundations of the bridge, before leaving Attock notes and memo- 
randa on the roads to be visited and tho points of interest to be noted in the North- 
West Frontier were given to nil members. These are reproduced at Appendix AI. 

10. The party left Attock at 10-15 a. at. and after stopping at Khora, where the 
Sappers and Miners were launching a “Meccano” span as part of their training, 
examined various points of interest referred to in the notes. 

11. The pneumatic tyred and iron tyred experimental tracks in mile 267 were 
most interesting. Two identical tracks had been consolidated and on one there 
were two iron tyred bullock carts each 2,500 lbs. of stone and on the other 
two rubber tyred bullock carts carrying each 5,000 lbs. of stone. The latter appeared 
to travel faster and with less effort. The track under rubber tyres appeared to he 
undamaged but the other had been badly worn. 

12. In the afternoon the party travelled via the Adozai Bridge to the Gandab Road 
and back returning via the Michni Road vide items 2, 3 and 4 of Appendix AT. 

13. Returning to Peshawar at about 5-30 the whole party then attended a lecture 
at the Peshawar Club by Lt.-Col. Wakely describing the road up the Khyber Pass.. 
After Col. Wakely’s lecture, Mr. Powell. Chief Engineer, Bihar and Orissa, thanked 
•Col. Wakely for his lecture and tho remarkable arrangements made for the wholo 
party both, on the road and at the railway station. 

14. On the following day the party left Peshawar in tho morning and visited 
the roads up the Khyber Pass which were explained by Col. Wakely. They also 
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inspected tlie load-builder and compressor described in item 7 of Appendix AI. On 
tho return journey they risitocl tlm soil stabilisation experiments at Garin Hassan 
(item 8, •Appendix AI) and after seeing tho plant described in item 9 and certain 
earth roads in. the locality, icturned to Peshawar. 

15 The special train left Peshawar on the evening of the 7th and arrived at 
Lvallpur at 9-20 A, at. on December the 81 h where tho party was met by Sardar 
Bahadur Gurhuk'h Singh, fhiperint.mding Engineer, and Air. H. A. Harris, Execu- 
tive Encineer, Lyullpur. The party proceeded in cars from Lyallpnr to tho Jaran- 
wala Mandi and thence along the Lyallpnr-Laliore Pond to Lahore, the following 
description of the road having been ihsncd to members in advance. 

Lyallpur-Lahorc Road . — This road is of particular interset as it affords several 
examples of doparturo from tho usual specification of tar-surfaced water bound macadam 
which has been adopted throughout tho province. Details of the various types of 
road are given below i — 


. Utiles. 

Soling. 

* 

Wearing font. 

Last date 
of Con- 
solidation. 

Average interval 
of 

resurfacing, , 

, 85—00 

Sangla Hill 
Stone. 

Water hound limestone 
with tnr surfacing. 

1930-31 

1$ — 2 years. 

06—40 

4t’ brick 

Ditto ditto 

192S-31 

1 — 1J years. 

46 

91 • 

Lime°tone with tnr mid 
pitch grouting. 

1028 

11 — 2 years.* 

4-1 

»l • 

Brick ballast, with tnr and 
pitch grouting., 

1928 

2 yenrs (Inst sur- 
faced in October 
1932). 

43—39 

19 • ! 

Water bound limostonc 
with tnr surfacing. 

1028 

Ditto. 



31 Brick ballast with bitu- 
men penetration. 

1927 

p 7 • 

u * "mi 

9t i 

1932 and 1933 
only.f 

22—7 

*1 i 

Water hound limestone 
with tnr surfacing. 

1928-29 

Ono year. 


Tho portion between Buchoki (mile 50) and Shalidnra (milo 5) wn3 oiigi y 
constructed to its present specification botween 1927 and 1929. It will bo noticed, 
more especially when travelling lit high speed, that Die surface is distinctly waved. 
This is due to some extent to tho fact that tho snb-grado has settled unovonly, 
thoro being no means of rectifying this dofoct with subsequent consolidation <"* 
been possible in tho past on other roads where water bound macadam has been ep 
with fresh consolidation. 


16. Near the Jnranwala Mandi tho parly inspected about half » ,°^A^endix 
ckways laid on earth road which wero of considornblo interest vide App 


trackway 
An. 



tour 
left 
December. 


* Cost about Rs, l.OOOpcr mite moro than tar surfaced water bound macadam, 
f Cost about Rs. 2,000 per milo mo r o than tar surfaced wator hound macadam. 





282 


APPENDIX A-I. 

INDIAN ROADS CONGRESS 1934— TOUR OF INSPECTION IN THE NORTH 
WEST FRONTIER PROVINCE. 


Item 1. — Grand Trunk Road. 

There is nothing of special interest to note along this stretch of the road. Generally 
•it is in a satisfactory condition with a good motoring surface. 

Width . — After the Punjab section on the other side of Attoclc Bridge it will bo 
noticed that the width has been increased from 12 feet to 16 feet. This is an improve- 
ment from every point of view. There is a greater sense of security while driving 
and the intensity of traffic loading is decreased. The latter is an important point as 
it has been experienced on the Nowshera-Mardan road that while the part which is 
16 feet wide is in good condition that which is 12 feet wide is a constant source of 
.trouble. 

Surfacing . — 10 miles of the above stretch of the Grand Trunk Road have been 
surfaced with 5" premix tar mats, the remaining 11 being water bound macadam with 
tar surface painting. Most of the mats were laid in 1932-33 and are therefore 2 years 
•old and it is hoped will not need renewal for some years. Very little patch repairing 
has been needed on these miles. 

* The other miles were mostly remetalled (and widened at the same time) in 1950, 1951 
and 1932 and tar surfaced. On an average they are 3 years old. They have needed 
.occasional patch repairing -and on an average have been resurfaced with tar every 2 
years. 

Traffic .~ The intensity of traffic varies from 150 tons to 350 tons per yard width 
:per day. 

Nowshera to Peshawar. 


Traffic . — Here the traffic intensity increases to 350 tons and up to nearly 1,000 tons 
per yard width per mile (for 2 miles or so near Peshawar). 

General . — The surface oh this stretch does not compare with the stretch just passed 
over. It is generally uneven, but efforts are being and have been made to improve 
this. The use of straight edges, in addition to camber forms is producing better results, 
and the marking of pools of water after rain has also been resorted to with success. 

Very heavy bullock cart traffic is cxpcncnced. Notices have existed for years 
stating that the maximum load is 25 maunds, but loads up to 65 maunds per bullock 
cart are frequent. The notices are not apparently legally enforceable and it has been 
suggested that the Local Government should legislate in cider to save the roads such 
an excessive burden. The following are items of interest and halts at these points are 
proposed : — 

(1) Experimental work on miles 259, and 2G0 near Pahbi village. 

1st half Milo 259 . . . (1) J* premix tar mat on') 

scarified and regarded I 
subgrnde. 

| Completed 

2nd half Mile 250 ... (2) Water bound macadam >- September 

with tar surfacing ( 1931. 

painting. i 

Milo 260 .... (3) H" premix tar mot. J 


(2) Pneumatic Tyred and Iron. Tyred Bullock Cart experimental tracks. Mile 267. 


The object is to obtain comparative data on the effeot of bullock cart traffic on road 
-surfaces. The possibility of a subsidy to assist bullock cart owners to fit pneumatic 
tyres is under consideration. It may be noted that the section carrying iron-tyred carts 
broke up rapidly and had to be repaired while the pneumatic tyred section is intact 
Experiment started 9th October 1934. 


(3) Failure of 1^" Premix Tar Carpet. Mile 272. 

Mat laid in 1933 (June). Water not used during consolidation. Has rutted badlv 
and ruts have been repaired without much success. It is questionable whether thick 
.mats, premised with tar, are a successful proposition. The provision of side support 
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(4) limit ailing and surfacing part of mile 2 73. 

For some time trouble has been experienced on this mile which carries heavily 
Goaded bullock carts in very large numbers. Various specifications have been tried 
■without success. Butting and pot-holing has invariably resulted within 6 months. It 
•was stated that the foundation was on made-ground and subject to water logging duo 
•to the close proximity of surface water. The water surface of a well close by is at 
dcast 8 feet below the foundation of the road. Trial pits were dug through the road 
and 18 inches of concreto-liko water bound macadam on 3" of shingle were found. 
There arc no soling stones. However 18" of water-bound macadam should make an 
-excellent foundation for any road. Here the proposed work, now in hand, is : — 

(1) Widening from 16 feet to 30 feet. 

(2) Providing kerb-stones to give side support. 

(3) Removal of old carpet, scarifying lightly the sub-grade and reconsolidating 

with 4V' of new metal. 

(4) Surfacing with an armour coat of J 1 ' chippings premised with Bitumnls. 

(6) 3 furlongs of concrete Hoad, with £" chippings premixed with BilumvU. 

The concrete here wns laid in 1933 ns an experiment. The method was that of 
laying the dry-mix in place and watering and consolidating. This method obviously 
requires knowledge and experience and, in any case, appears to be of very doubtful 
advantage. It lias not been a success, having pot-holed badly. The new surfacing 
consists of li furlongs of Colas and 1J furlongs of tar premixed j?" mats. The Colas 
being on the first half of the section. The object is to compare Colas with tar. 

Berms. — The policy followed is to attempt to make the berms safe for motoring in 
all weathers and as far as possible dust proof. Shingling and the use of scarified metal 
is resorted to whenever possible. 

Jtccorda. — A system of records has been started this year in which the actual costs 
of special repairs and the average costs of maintenance of ench mile are inserted on the 
completion of work and at the end of the financial year, respectively. 

Costs. 

■brand Trunk Hoad miles 2G2 — 275 (If miles of the most hcavihj loaded road in the 

Province). 

From records available the following figures nro interesting : — 

.(«) Special Itcpairs, Itcmctalling and Itcsurfacing. 

(i) 5 years (1925 to 1028) before tarring was started : Rs. 2,850 per mile per year. 

(ii) 4 years (1930 to 1934) after tbo transition period (1928 to 1930) from water 

bound maendum to tarring and after widening 12' to 16': Rs. 2,400 por 

mile per year. 

(iii) The cost of maintenance averaged Rs. 700 per mile per year, for whole period 

1925-34. 

(iv) The expenditure this year (1934-35) on 47 miles Attock to Peshawar will 

amount to : — 

Special Bcpairs. — Rs. 82,800, or Rs. 1,760 per mile. 

Maintenance. — Rs. 19,200, or Rs. 410 per mile. 

Total Bcpairs and Maintenance. — Rs. 2,170 per mile. 

(6) Tar surfacing. 

Per mile If! feet aide. 

Rs. 

(i) First coat, tar on water hound mnendnm . • • 2,400 

(ii) Second and subsequent ooats ljBOO ' 

(e) $* premixed mats, 
including seal ’coat 


C.000 



Item' 2.— Miciiki Road. 


, r ;,„ p •, a 5 7, 12, 14, 15 and 16 to 23 me 

9 and 13 ate* water liound Macadam tar painted. 

10 and 11 ar0 untreated and in poor condition, 
good miles and if necessary let the )>ad mucs go. 
and tar these four miles. 


all pie-mix Tar mala (H — 2"). Miles ' 
It will lie noticed that miles 6, 8^. 
The policy licic is to maintain the 
Next ye.i>' it is proposed to remctal 


The Kabul River is crossed hy 2 budge-. The second piei of the second bridge . 
gave trouble in 1950 through scouring of the pier Sheet p.ltng was put in. The 
other piers are liable to give similar trouble. 


Item 3. — G.wrmn Road. 

This is a two way unmetalled motor road stablised with grnvci. The following 
stops will be mnde — 

(1) At Dand . — The descent into the nullah was done in two days by lining the 

cliffs with explosive. It was an m gent military necessity to get through, 
quickly to Dand Camp. The alignment of the ascent is capable of improve- 
ment, but time did not permit any better alignment during the operations. 

A bridge here would be an advantage, but time of erection was prohibitive. 

(2) Top of Dand Pass . — Looking back you see tlio general nature of the ascent. 

Note original path and remains of camel road. Camels were tried before 
the camel road wns improved and they rpaclied this place in 2 hours from 
Camp, killing 2 camels. 

(3) Gandab Nullah .— Site of water Supply Station for Camp Rattray, Lift 500 

feot. Length of pipe line 3| miles. Installation of this Water Supply 
saved ono Battalion. 

(4) Buddhist Alignment.— An old road discovered liy the C. R. E. Probably 

mnde 2000 years ago and in use up to 100 years ago. A good idea of the 
general nature of the country and its difficulties is given from this point. 

15) The Karajrpa . — View of the Promised Land. We would have dono belter by ‘ 
coming up the other side with the road, hut it was iinpossihlo as we would 
have killed many camels and mules with the blasting. 

Note. — -The causoways, which are of special design, arc being lengthened to take 


Notes ok the Mohamakh Road. 

.. 1 The road was constructed from Pir Kaia on the Peshawar-Shabkadnr road 
through Hafiz Kor and Dand to Glwlanni and 6 miles hc.vond that jjlace. 

2. Total length 20 miles. It goes right through the Lower Mohmand conntrv. 
3 Tho road was constructed in two main slagcs— 
hirst : A motorablo road 14* wide without bridges, 

Second : A 2-way motor road 22' wide bridged 

Time of construction, first stage— 

Pir Kola to Dand 7 miles 3 days, 

Dand to Ghnlunai miIcS 28 dnys , 

Ghalanai to Yusuf Khol .... C miles 3 days, 


Total 


20 miles in 34 days 
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Second Stage— 

20 miles in n further 30 (lays, or 64 days in all. 

Tliero arc 150 bridges and culverts; liul „o bridge more tlmn 2V span. 

Reasons for high speed of construction were the rapid and good organisation of the 
work, and the largo amount of modern machinery nred. 1 

4. 0 r 0 fl«i>fl/mn.~-Tlio work vms done under the direction of the C. R E Beshnwsr 
Dial ric* who had n staff of l Field KngiWr, 4 Asst t. Field Engineers and 2 Companies 
K. G. 0. Bengal Suppers and Miners. The total works staff consisted of 3 SuhDivf 
S'O'ttl ( >f ,CP a t ' 24 ° Ver< 'C c, 'f. ;imi 23 Wo t rk * together with tiio necessary Office 

Maff- the Stores organisation was worked from Peshawar and included the Advanced 
Engineer Park and (he M. E. h. Workshops at that place and the M. E S Saw Mills 
at No whom. * ' 


5. Transport used— about GO lorries per rlny. • 

•6. Tools issued about 30,000 of all kinds. 

7. Explosives used— About 26 ions of Ouit|K>wdrr, Gelignite, Dynamite and Gun- 
cotton. Detonators 25,000 and about 24 miles of safety fuze. 

8. Between 5,000 and 6.000 men were employed eonlintionely by contractors, tho Field 
Engineer and the Sappers and Miners. There were 6 road (ontrnctois each boing 
given a section and 3 Bridge Contractors, Enrb contractor bad one labour camp which 
was guarded by local armed tribesmen, 

0. Road machinery used— 


3 Tractors. 

2 graders. 

1 auto-patrol. 

4 compressors. 

1 scraper. 

4 steam rollers. 


j 50 pumps of various kinds. 

! 6 drag brooms. 

6 road scrapers. 

1 fire engine, 

1 steam water rail. 

20 lorry water c.uts. 

Item 4.— Axiom Brunei:, 


Completed 3930. Vibro pile piers. Driven 21' below cap level, an average of 36 > 
below bed level. Piers No. 6, 7. and 8 (from Peshawar end) wero scoured out in 
duty 1932, Depth of scour 25'. M. E. S. considered that the cause was partly Jack 
of waterway and accordingly the bridge was lengthened by 180 ft. 

Five piers Nos. 23, 24, 25, 26 and 27 were scoured out in July 1934. Tlieso were 5 
out of tho 6 now piers in tho extension. The river in a peiiod of under 3 weeks 
changed the alignment of its deep bod from ono bide to the other of tho river bed. 

Tho proposals for .repair and impiovenient am : — 

(1) To retain 21 bays, i.c., practically whn( remains of (bo bridge. 

(2) To put a floor in this length to protect I ho piles from under scour, roughly 

following the usual practice in weir design. 

(3/ To provide guide bunds to flume the river and reduce concentration, tho 
road on e.ncli Hank being raised to guido burnt love!. 

Altf'rnnlivn arc — 

(J) A new bridge at a now site with either a weii type of foundations or with 
deep well foundations. 

(2* A new bridgo at tho same sito on deep well foundations. 

A:, regards drop well foundations, the calculated depth of scour is 35b so . 

to bo safe, tho wells (or piles) would have to go down 50'. Tho sinking 
of such wells would only be possible by tho uso of caissons and compressed 
air which would be prohibitively expensive, 

A ilisuus'bon nt site is proposed and members are invited to express their viows on 
I he prohjem 
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1-rr.st 6. — Tiir. Kinrnrn Ho An, ' 

A. Peshawar In Jnmrvrt 0 miles. 

1. This section is Cis-Fronticr. 

All these 9 miles mo treated with Colas. • 

2. Milo 4 has recently been ronietalled and surfaced with Tar. A seal coat of Colas 
will later he applied; the idea lining to obtain the advantages of the greater penetration 
of the Tar and avoiding the disadvantage-!- nf a Tnr surface, namely eventual "dying” 
(evaporation of essential nils) by means of the told emulsion. 

3. On the first four mile.i their is very heavy bullock cart traffic on the right hand 
flidn of the mad nnly. Calls coming into Peshawar carry full loads and go out. empty. 
Tt is suggested that the right half of tli' load should have a higher specification than 
the left ticca u sc of this. The fiontiei is crossed p.t Jamriul. 

ft. The Khyher f!n<nt frnm Jamriul In T.'imtih/iann. , 

3. There are two mads and a railway belwien .Tamruil and Lnndikhana. The North 
road is the motor road and the South mad is the ear.ivan read. 

Tile rarvnn traffic is very heavy and it would create impo> sililn Irnfiie- conditions if 
this traffic used the motor mad. fti fvo m thiee nliices ttie two roads eoincide, and 
21 fed width is given at these place--. 

2. The North road is a tv.o way mil fared road Iff' wide metalling. 

Practically the whole lend is C'olns .surface painting. It. carries chiefly motor traffic 
and no hidloclc rail tiaffie. Mile 26 i« Bit nmols painting and Miles 27 and 28 nro Tar 
J’remis laid in 1933. 

3. Very considerable ravines have* heen mmle in the maintenance estimates on (his 
road by (lie provision of pmper draiirige. and bv f'ola-i painting. By proper drainage 
in meant flic com-tnirtion of new tet.iining walls where slip., ocuirreil. enlnrgenienf of 
e\isting culverts and the provision of new ones, rml the riilaigemc nt of roadside drains. 

Previous to 1931. tin annual liininteinin •• cents were Il<-, 3,000 per mile per year, 
and now they arc IK 1,600 pet mib* per year, end the toad is about three times as 
pood as before. 

We consider that half the savings arc due to painting and half to improved drainage. 

4. Ollier improvements made recently are the provision of 3 new bridges at 
Kalakushta and Zintara. the large re aHl-iiment in Mile 15 and many smaller re- 
alignments and widening. 

fn 1926 it took neirly two hours to luotoi ftom Peshawar to Lnndi Kotnl, and now 
the journey ran In- done in 46 minutes. 

6 flails are suggested at the following plnees : — 

1 MiU l'n — At the fop iif the new telaiiiittg wall. Cost of this re-alignment 

was 11s. J6 000, Th" two reversing stations on the r.tilvvny can ho seen and 
a good view of the two roads is obtained. 

2 ,t ft n \n — The enfniiiee to Alima* jid fioige. The Foit is peon above. It id 

said that , whoever holds Al'on*iid Foci holds the Khvlic-r. There hnve 
betn many ligbt* for these impi egnable heights. 

3. Muhr.i linnihm. ~.\ fine view river the llimluhush range is oblnineil. Cbnv 
llagti Foil is >.’en on the- left and in the fern guviml below is the old Lnndi- 
l inen ('amp. The whit" house in the- distance is the Afghan Post Office 
at Torkli.iui. 


ltr.vt 7. — ttovn Bru.nru anh f'oMrr.rsonn, 

The Bovl lmdiiei- mO fit nm-i-ts nf a ‘Talerpillai ” 69 11. P. Tli*--*' 1 Irarlor with 
R ■>/ b-iilih-r aflco-lmient fitted to i(. This is a stout Ftc<*l blade 
w 'cn ran tn fi\ed »it l,.- r -(might ncros-. or on :■ idant with the riglit-lin'id end Jrail- 
The °a i '* 1 ' 1 IcB-haml end hading. It ran aho be lilted in the vertical plane 
vnoie of tlie blade ■ artier ft ante is pivoted about a hot ii-ontal transverse avis near 



the centre of gravity of the tractor so that the blade can bo raise or lowered to take 
a cut below the level of the tractor itself. 'Che raising and lowering mechanism is 
hydiaulically operated by means of an auxiliary oil i>ump driven by gearing off the 
tractor engine. This type of machine is conipuntively new in India, the first two, 
one £0 II. J\ and one 35 IL. I*., being received in Peshawar District in Novembor 
1933. They have fully proved their usefulness. , 

The road-builder can be used for cutting out a now road along a hillside. It can 
also be used for widening an existing road. You will see it employed on the latter 
kind of work on an unmetalled cart road near Landikntal. The amount of work done 
by those machines varies according to the nature of the work and tho hardness of 
the earth or rock. As a general guide the following figures may lie taken for tho 
output of a 50-JI. P. road-builder in an 8 hour day : — 

* cu. ft. 


(1) Clay soil 30 c slop 

(ii) Jlixed earth and stones ...... 

(iii) Conglomerate 

(ivj Half soft and hard rock not requiring blasting 

(v) 75 per cotrt. hard rock not requiring blasting and 25 per 
cent, soft 


GO, 000 

30.000 

26.000 
16,000 

8,000 


The 35-H. P., road-builder will do half the output of the 50-H. P., but it cannot 
do anything more than soft rock work. 

l<'or further details of method of working etc., see Technical Paper No. 10 issued 
by the Engine, er-in-Oluef, Army Headquarters, Simla. , 

This portable compressor set made by Ilolmnii & Co., Camborne, England has several 
interesting features. 

The comprcxxor itself is of ilic lielo-Shaw rotary type, very compact and efficient for 
its output, which is 130 c.ft. ot free air per minute. This is sufficient to run 3 
medium-sized pneumatic drills 'under ordiwuy conditions, or 2 if the air piping is long 
or tho work is very heavy. 

The tngmc is a 36-B. II. P., Dorman cold starting high speed diesel engine. The 
fuel consumption for ordinary running on this type ot work is about 11 lbs. of diesel 
oil per hour, which costs us (/.«., XL E. S,) 5 annas per hour, at the price of Es. 63 
per ton. 

The carriage is specially desigued with pneumatic tyres and motor car type spring- 
ing so that it can be lowed at speeds up to 20 m. p. h. on a good road. It is also 
easy to handle over bad ground. This particular machine has been made with a 
special experimental design of axle and wheel attachment to enable it to be man-handled 
over mountain paths. The wheels can be fixed in an alternative position inside the 
frame of the carriage, thus giving a very; narrow wheel truck. By the employment 
of an adequate number of coolies on drag ropes, this machine can bo takeu almost 
anywhere a laden pack mule can go. 

Item 8. — Experimental Suhfacing at Gaiihi IIarsan. 

» i 

1. The object of this experiment was to find out the mothods and materials most 
suitable for treating a natural clay sub-grade with bituminous compounds. 

It was desired to- find out: — 

(i) Whether a clay subgrade could be stabilised without soling and metalling, 

and whether the treatment given would stand up to traffic. 

(ii) A rapid method of treatment with a view to road construction during 

military operations using materials locally available. 

2. The 6lretch of road chosen was from the N’ortli Circular Hoad to the Budni 
Bridge near Garhi Tlassan. It carries n very heavy bullock cart traffic, some motor 
traffic, many animals and many A. T. Carls. The work was done in October 1933, and 
has been down 14 months. 

S 2 



tVo maintenance lehatsoei er hies been allowed to ht done since the work was finished, 
so as to see how it would stand. 

3. There are six sectors each one marked by a figure painted on ail anglo iron picket. 
The first three have a l£ inch course of gravel underneath to stabliso the sub-grade 
The second three weie laid diiect on the clay sub-grade, with no stabilising gravel. 

4. It will be seen that sectors 1 and 4 are much the best. There is only one pothole 
in these sectors after 14 months of heavy traffic. These two sectors arc marked by 
red Hags at their extremities. 

5. The brief specification for these sectors is : — 

Lay stabilising course of 1£ inch gravel or else scarify existing gravel sub-grade. 
Leave surface a little rough so as to get a bond. Spray Biiumuls XBM 
at £ gallon per square yard. Cover with £ inch layer of gravel, roll and 
broom-drag. Repeat as necessary according to the traffic to be taken. 

6. Actually the thickness now down (not counting original stabilising gravel) on the 
sectors under inspection is lj inch, t.e., three treatments as above. 

7. The following general conclusions have been reached as a result of these experi- 
ments : — 

s 

(u) The most rapid and most satisfactory binder is a cold emulsified asphalt. 
It has advantages over other binders of — 

(*) Rapidity in laying. f> 

(i») Traffic can use the road during laying. 

(iii) No necessity for boiler and no heavy plant. 

(>'1 -A very satisfactory road can he made by using an existing gravel sub-grade, 
or importing gravel provided that a good bond with tlie existing sub-grade 
is made. 

(c) Where sufficient labour is available near the road mix by hand is preferable to 
machine mixing. 

00 A gang of £00 men can do a mile a day to this specification. 


Ixeji 9 — Grader Set at Gauhj Hassan. 


1. The object of the demonstration is to show a grader at work to those who 
have not yet used these machines. The road being made is a connecting road, 
between the Cantonment and the Chigri Mini road. 

Part of the work is finished and a part easy of access is being done for Members. 

2. A grader set, as used here, consists of : — 

One 30 U. P. Diesel or Petrol Tractor 
Ono Leaning Wheel Rond Grader 
One Scarifier 

Ono Revolving Scraper (not actually present) 

One Drag Broom. 


Other sets can bo made up as desired. 

The tractor is a 30 H. P. Petrol Caterpillar Tractor. 

if m? th cr V V - a ", d lo 1 vr “ 5 attached with stores etc. moves along the road as 

U is built, I lie machine has built, about 300 miles of earth road in Peshawar District. 

It does about 20,000 cubic fcot. of earth per day. 
tractor?' 3 Planor ’ sllso sho " ,, i » » maintenance machine. It is pulled by a light 



This machine works on the ICajuri Plains loads, whore it has reduced the annual 
•maintenance estimates for 114 miles of gravel roads from Rs. 76,000 to Rs. 30.000. 

4. A road scraper drawn by bullocks is also shown. It is very difficult to get sub- 
ordinates use ibis implement properly. 

The Auto-Petrol is driven by a 35 II. P. motor mounted on tho rear of the 
frame. The Caterpillar Tractor Coy. now market a Diesel Auto-Petrol. 

It is a maintenance machine and has threu tools: — 

(«) The blade 
(0) The scarifier 

(c) The multiple blade attachment. 

Tlio blade is for grading and finishing and tho multiple blade attachment is for 
smoothing. 

The Auto-Petrol on the Chigri Mitti Road ban the blade fixed, while the machine 
with the grader set has tho multiple bludo attachment fixed. 


Item 10 — Peshawar- Chigri Mitti Road. 

1. Members will bo shewn about a mile or so of this load, which is a typical 
example of earth roads constructed with money from the Road Development Fund 
in Peshawar District, We have completed about 150 miles of road and many 
bridges on our normal allotment, from that fund which is small compared with 
other provinces. 'The general principles ou which we worked are given in Paper 
No. 4_ 

2. Tho Chigri Mitti road was originally 5 or 6 feet wide and it was usually 

quite impossible to motor oven as far as members are being taken. A few tongas used 

to work on this road, and their usual method of progress was to unharness tho 
pony and jump hint over the ditches. The tonga itself was lifted over, and then 
the pony was harnessed up again until tho next obstacle was reached. 

3. Tho road at present carries 450 vehiclos of all sorts per day, whereas before 

reconstruction it carried only 50. The traffic increase has been so great that an earth 
surface is now insufficient for it, and the road is being stabilised with gravel. 

4. On the return journey tho girder' bridgo over the Budni River is crossed. 

This is an interesting example of the difficulties o[ Road Engineers . The bottom of 
tho grirlors was put feet about H. F. L. No sooner had the bridge been completed 
then an exceptional flood came down submerging most of the surrounding country 
and reaching nearly to the top of the girders. The bridge luckily escaped damage. 


Appendix A-II (to the Account of the Congress Tour). 

EXPERIMENTAL TRACKWAYS NEAR JARANWALA, PUNJAB. 

An interesting experiment of laying a concrete trackway on an unmetallcd road 
has boon recently carried out on tho Jaranwala-Sayadwala Road (Arterial No. 32) 
near Jarnmvala, in tho Lyallpur District. Tho three specifications followed wore those 
outlined by tho Consulting Engineer to the Government of India (Roads). The 
original intention \vns to lay an experimental length of one mile of two tracks two 
feet wide spaced feet apart so that they were the same distances, centre to centre, 
as tho wheels of an ordinary bullock part.' An cstimato amounting to Rs. 10,044 was 
accordingly framed but for tho time being only half a mile has boon laid. 

Tho primary objce.t of this trackway is to malco an unmetallcd road, which carried 
normal traffic, mid contains ordinary good Punjab alluvial soil and capable of stand- 
ing uplo normal traffic, more suitable for bullock cartsj and the idea underlying the 
Whole experiment is that this trackway will be mainly used by loaded bullock carts, 
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while motor and other vehicles can travel on lo the earth road without inconvenience. 
The trackway has been laid in accordance with the three specifications detailed below : — . 

Specification iVo. I . — [See section at figure (1) sheet No. 1] : Length laid 1,320 
feel in furlongs 1 and 2 

Hot tom course. — -Width 2 feel 3 ’licliea. thickness 9 inches. Lime concrete with 
well burnt brick ballast and 33 per cent., 3 to 2 Surklii and lime mortar. The brick 
ballast was broken from well burnt bricks. 

Top course. — With 2 feet, thickness 3 inches. Portland cement concrete, 90 lbs. 
cement : 2 cubic feet local sand and 4 eft. Pathankot hajri, gauge 3/8 to 3/4 inch. 
This was laid in lengths of 25 feet with 3/8 inch expansion joints. These joints were 
filled with a mastic composed of equal parts of Mexphaltc and cement and 5 parts sand. 

Under each joint, at the time of c instruction, cement concix-to was laid in place 
of lime concrete vule longitudinal section. 

Specification /Vo. II. — Length 660 feet laid in furlong 3. 

Bottom course. — Same as for specification No. I except that the thickness is 4£ 
inches. 

Top course . — Same as for specification No. 1. 

Specification A'o. III. — Length laid 660 feet in fuUong 4. 

Top course — Same as for specification No. 1. 

Bottom course. — As m specification No. 1. 

Top course. — As in specification No. 1 except that a channel 1 foot 9 inches wide 
and 1 inch deep was counter stink in the cement com let© slab which tvas later filled 
with a 1 inch carpet of Premix. Five and a half chains of 1 inch carpet was laid 
with Prennx composed of Pathankotc hajri guided trom 1/8 to 2 inch and coated 
with 5 per cent, of a mixture of equal pails of Mexphaltc and Shelmac. To insure 
good mixing the hajri was also heated. The Mexphaltc was heated to 550 °F. while 
the Shelmac was heated to 250“F. 

In ono chain instead of bitumen five per cent of Itoad Tar No. 2 was used. In 
a short length the surface of the concrete was painted at the rate of .12 cwt. per 
100 sft. with Koad Tar No 2 and the .Mexphaltc Premix laid over it. The object 
being to provide a better bond between the concrete and tlio carpet. 

Construction — Tins work was put in hand at the end of August and completed on 
the 9th November and the load was opened to traffic on the 12tli. As the original 
level of the road surface was lower than ground level, the road surface was raised 
about 1£- feet in the centre and the entire road width of 44 feet between drains was 
dressed to a continuous camber. This earth work was hud in 6 inch layers and each 
layer was watered and rolled with a one tori concrete bullock roller. When the road 
formation gave every indication of being well consolidated trenches were dug for 
the trackway and the bottom of the trenches were again well watered and rammed. 
Lime concrete was then laid according to P. W. D. Specifications in these trenches in 
layers not cxcccdiug 4£ inches with alt joints broken and it was well consolidated 
with hand rammers. When the lime conn etc set the cement concrete wearing coat" 
was laid. The cement concrete was kept wet for about 10 to 12 days after which it 
was allowed to dry and the expansion joint-, were filled with mastic and in the last 
furlong the channel in the concrete was filled with a 1 inch carpet of Premix. A 
hand roller was used for consolidating the Premix. 

The actual cost of each type of trackway is gnou on sheet No. 2 below- and from these 
figures the cost per mile has been deduced loi each specification. 

It is too early to make any reliable comments as to whether this type of trackway 
will solve the problem of making unnu-lalkd roads suitable for carts in all weathers. 

It is, however, clear that in order to presene the tiaekway it will he essential to 
continually make up the earthwoik between the t lacks and on each side, -so as to 
protect the edges aud the maintenance of ibis m. j he so costly as to make this type 
of trackway impracticable. For the purpose ol euiupai lson the cost of different types 
of metalled road, 12' aud 9' have been taken out and it appears that a trackway to 
any of tlio above specifications is nioro expensive than a 9' wide metalled water-bound 
road, surface treated with two coats of tar. The justification for ti-ackways must lie 
in low maintenance costs. 
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SunM No. 2. 


Comparative Stateimnt of roafo oj Traehwny laid on Artriial Hoad No. 32, nnmctalhd, 
1 near Jaranwala in the Dyallpw Dish icl. 
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